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INTEODUCTION. 



Pathology treats of the origin, nature, course, and 
causes of those changes in the body which constitute 
disease ; Morbid Anatomy, or Morbid Histology, of the 
actual alterations in the tissues which the disease has 
produced. The former is therefore comparable with Phy- 
siology, the latter with the Histology of the normal 
tissues. 

By disease is understood some deviation from the state 
of health ; a deviation consisting for the most part- in an 
alteration in the functions, properties, or structure of some 
tissue or organ, owing to which its office in the economy 
is no longer performed in accordance with the normal 
standard. 

Diseases are commonly divided into two classes — 
organic and functional. The former comprise all those 
which are attended by structural change ; the latter those 
in which no such change is discoverable. Whether it be 
possible for the function of an organ or tissue to be ab- 
normally performed quite irrespective of any alteration in 
its structure admits of some doubt. At all events, as our 
methods of minute investigation improve, and our know- 
ledge of morbid histology increases, the class of func- 
tional diseases grows less ; and although there still remain 
a large number of diseases in which we are unable to re- 
cognise any alteration of structure, and which must 
therefore still be described as functional, it is piob'di)o\^ 
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that all disease will ultimately be found to be att^ided 
by more or less material change. 

As health is itself merely a relative term and implies 
no definite performance of the processes of life, so disease 
is equally indefinite ; it cannot be separated from health 
by any well-defined boundary, the one passing by in- 
sensible gradations into the other. 

Disease is thus, in most cases, an abnormal performance 
of those processes which constitute life, and a knowledge 
of these processes must therefore necessarily precede the 
study of pathology. Life comprises the formation and 
maintenauce of the tissues and the exhibition of their 
various functions. Such formation and maintenance, 
which may be included under the general term of 
Nutrition, consist in the continuous supply of new ma- 
terial, the separation of this from the blood and its 
appropriation by the tissues, together with the removal 
of the products of their waste. Function is the special 
manifestation of the life of the part, as distinct from its 
growth and the maintenance of its structure ; in the 
secreting cell, consisting in the alteration of the sub- 
stances abstracted from the blood to fulfil some special 
purpose in the economy; in nerve, in the transmission 
of impulses of motion and sensation, &c. The per- 
formance of function is obviously dependent upon the 
state of nutrition. When both of these are normal the 
condition is one of healthy when abnormal one of disease. 

As in health the nutrition is principally dependent 
upon the solid tissues, these abstracting, appropriating, 
and altering the material which is supplied to them by 
the blood ; so in most forms of disease it is these tissues 
which play the more important part, and alterations in 
them are amongst the most frequent of the morbid 
processes. 

The supply and composition of the blood must obviously 
at the same time constitute most important factors in 
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disease. Owing to the intipiate relation wliich subsists 
between tbe blood and the solid tissues, any alteration in 
its composition must exercise more or less influence npon 
the niitritive processes. In regarding the blood, however, 
as an element in the causation of disease, it must be 
borne in mind that this fluid is in a state of constant 
dependence upon other parts; its component elements 
are derived from external sources and undergo continual 
change, and although possibly under certain circum- 
stances it may become altered by virtue of changes in the 
nutritive activity of its corpuscular elements, alterations 
in its constitution must in most cases result either from 
some change in the process of its formation, as from the 
ingestion of improper or insufficient food, mal-assimila- 
tion, or disease of the lymphatic structures ; from changes 
in the secretory or excretory processes ; or from the in- 
troduction of foreign substances, derived from extraneous 
sources. Whilst, therefore, alterations in the composition 
of the blood may be important agents in the production 
of diseased processes in other tissues, such alterations are 
in most cases secondary to some abnormality in its for- 
mation or depuration, or to its contamination by sub- 
stances derived from without. Owing to the facility with 
which it becomes the recipieut of foreign substances, it is 
often the first tissue to become altered, as, for example, 
in many of those diseases which owe their origin to the 
introduction of minute organisms ; and it not infrequently 
constitutes the principal seat of the diseased process. 

The blood may also play an important part in disease, 
owing to an abnormal activity of its white corpuscles and 
their migration through the walls of the blood-vessels 
into the surrounding tissues. This occurs in the process 
of inflammation, and probably also in the development of 
many of the new formations. 

Lastly, the influence of the nervous system must b^ 
taken into account in considering abnormal conditioua oi 

B 2 



4 INTRODUCTION. 

nutrition and function. This, by regnlating the circulation 
and snpplj of blood, must to a certain extent control 
tissue-change. The results of experimental and clinical 
observation render it exceedingly probable that many 
nerves also contain fibres which exercise a direct influence 
upon nutrition, independently of that which is due to 
their vaso-motor filaments. In support of this view may 
be adduced the well-known observations of Ludwig and 
Heidenhain on the influence of the chorda tympani upon 
the secretion of the submaxillary gland, which prove that 
the increased secretion which results from the stimulation 
of this nerve is due to an increased activity of the se- 
creting elements of the gland and not to changes in the 
blood-vessels. Eecent histological researches, also, which 
are tending to show that nerve-fibres terminate in the 
ultimate elements of nearly all tissues, and the fact that 
very rapid atrophy of muscles often follows certain 
lesions of the nervous centres and many injuries of the 
nerve-trunks, render it exceeding probable that nutrition 
is more or less under the direct influence of the nervous 
system. 

The first part of this work will be devoted exclusively to 
the consideration of morbid processes which are charac- 
terised mainly by alterations in nutrition; the second^ 
to those in which an altered nutrition is associated with 
certain changes in the blood-vessels and circulation (in- 
flammation) ; and the third, to changes in the blood and 
circulation alone. In considering the several morbid pro- 
cesses, the general pathology of each process will first be 
described, and subsequently the same process as it occurs 
in the different organs and tissues. 



CHAPTER I. 

THE CELL. 

As tlie most important element in nntrition, both in 
health and disease, is the activity of the tissaes them- 
selves — ^the supply of nutritive material, although an 
essential, being merely Skpasgive part of the process — it 
becomes necessary to consider, somewhat minutely, those 
parts of the tissues in which this activity resides. 

Ever siace Schwann discovered the cellular nature of 
animals, and established the analogy between animal and 
vegetable cells, there has been a gradually increasing 
conviction amongst physiologists, which has now become 
an universaUy accepted physiological and pathological 
doctrine, that the cell is the seat of nutrition and func- 
tion ; and farther, that each individual cell is itself an 
independent organism, endowed with those properties, 
and capable of exhibiting those active changes which are 
characteristic of life. Every organised part of the body 
is either cellular or is derived from cells, and the ceUs 
themselves originate from pre-existing cells, and under no 
circumstances do they originate de novo. 

Whilst therefore the whole body is made up of cells, 
or of substances derived from cells, and the cell is itself 
the ultimate morphological element which is capable of 
eiLhibiting manifestations of life, it must be borne in mind 
that in a complex organism, the phenomena of life ai^ 
the result of the continued activity of innumerabVe ceWa, 
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Fig. 1. 



many of which possesa distinct and peculiar functions, 
and that by their combination they become endowed with 
new powers, and exhibit new forces, so that although 
each individual unit possesses an independent activity, 
it is in a state of constant dependence upon others vnth 
which it is more or less intimately associated. 

Constitution op Cells. — When the analogy was esta- 
blished between the animal and vegetable cell, the former 

was held to be constructed in all cases 
upon the same principle as the latter, 
and to consist of a cell-wall, enclosing a 
cavity, in which were contained a nucleus 
and fluid contents. (Fig. 1.) This was 
the idea of the cell held by Schwann and 
Eemak, and supported especially by Yir- 
chow, who maintained that these three 
constituents were essential to its vitality 
and existence. 

During recent years, however, this de- 
finition has been modified. The existence 
Cells from a can- ^f a ceU-waU was in many cases not evi- 
cer. Showing cell- dent. In embryonic cells, in those of many 

nud^r^^nd^'^nul^a^^ growing new formations, and in 
cleolL The nuclei the cells of blood, pus, and mucus no limit- 
di^di-'g- ing membrane could be demonstrated. 

This led to a new definition of the cell by Leydig and 
Max Schultze, who held that a little mass of matter 
enclosing a nucleus was all that was necessary for its 
constitution. The latter of these physiologists not only- 
rejected the cell-wall as an essential constituent, but 
established the identity of the mass of matter (cell- 
contents) with animal sarcode — a contractile substance 
existing in the lower animals — and showed that, like it, 
it was endowed with the power of spontaneous movement. 
This substance he called protoplasm. He further pointed 
out| that the existence of a distinct cell-wall was the result of 
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a retrograde process taking place in tHe onter layers of the 
protoplasm, and that the latter was the real seat of the 
activity of the cell. These views closely correspond with 
those held by Dr. Beale in this country.* 

The definition of a cell has been still farther modified 
by Briicke, Strieker, and others, who consider that the 
existence of a nnclens is not essential to its constitation. 
This opinion is principally based upon the fact, that in 
the cryptogamia, and in some of the lowest animal forms, 
cells occur in which no nucleus is visible. 

It would thus appear probable that a simple mass of 
protoplasm may, in some exceptional cases, be all that is 
necessary to constitute a cell — i.e., an elementary orga- 
nism, capable of exhibiting independently aU the pheno- 
mena of life; but that the nucleus is an exceedingly 
constant and almost invariable constituent. The ceU- 
wall is much less constant, and being the result of a 
retrograde change in the outer layers of the protoplasm, 
it must be regarded, in point of vitality, as inferior to the 
rest of the cell. 

Protoplasm itself is an unstable albuminoid compound, 
which is insoluble in water and coagulates at death. As 
usually met with, it is a homogeneous structureless 
material, of a soft and viscid consistence. In con- 
sistence, however, it is subject to variations, being some- 
times perfectly fluid, at others more or less soHd and 
gelatinous. In old cells it often becomes transformed, 
by the loss of water, into a more solid albuminoid 
substance — keratin. This occurs in the epidermis and 
nail. Protoplasm may also become gradually con- 
verted into other modifications of the protein group — 
into m.ucin, globulin, haemoglobin, &c. The cell-wall, 
when it exists, is of much firmer consistence than the 



♦ Dr. Beale calls the protoplasm, germinal matter or bioplasm; 
the ceU-'walL, formed material. 
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protoplasm, tn some cells the protoplasm constitutes but 
a small proportion of the body of the cell, other substances, 
which are either the result of its metamorphosis, or 
have been taken up from without, being associated with 
it. Thus fat is met with in the cells of adipose tissue, 
and of the liver. (See Fig. 5.) Pigment, calcareous 
particles, pepsine, &c., are also met with in cells. 

The nucleus is more constant both in size and form 
than the cell. It is usually spherical or oval in shape, 
and often contains one or more minute round or angular 
bodies, termed nucleoli. It offers a greater resistance to 
chemical reagents than the other constituents of the cell, 
and in disease often remains after these have been 
destroyed. It is also stained more deeply by carmine. 

The original form of the nucleus is vesicular. In the 
earliest cells of embryonic tissue it possesses a delicate 
membrane enclosing a nucleolus and fluid contents, 
thus resembling in its structure the cell. Subsequently, 
however, it loses its vesicular character, and as usually 
met with it is a solid perfectly homogeneous, or faintly 
granular body, in which the nucleolus is still visible. 
The recognition of the nucleus is not always possible, 
owing to its presence being obscured by fat, pigment, or 
other substances contained within the cell. (See Fig. 25). 
In some cells the nuclei gradually disappear. The coloured 
blood-cells and the cells of the superficial layers of the epi- 
dermis are examples of cells in which the original nucleus 
has become lost. Lastly, it must be mentioned, that seve- 
ral nuclei may be contained within the same cell. 

Physiology op Cells. — ^The cell, as already stated, is 
capable of absorbing and transforming matter, of excretion, 
and of growth. It is also endowed with the power of 
changing its form, of cohering with other cells, of under- 
going more or less active movement, and of reproduction. 
The question now arises as to what part is played by its 
respective constituents — ^whether the cell-wall, the body 
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of tlie cell (protoplasm), and the nucleus have different 
offices. 

The cell-wall being the result oi a retrogressive change 
in the protoplasm, it cannot be regarded as taking any 
part in the life of the cell, the activity of which is much 
diminished by its existence, as is also its power of repro- 
ducing itself by simple division. It is in old cells that a 
cell-wall is most frequently met with, in those newly 
formed it is entirely wanting. 

The nucleus has usually been looked upon as the seat 
of the nutrition, as distinct from the specific functions of 
ceUs, and has been supposed to play an important part 
in their multiplication and reproduction. The fact that 
when a cell divides, the division usually commences in 
the nucleus, and only subsequently takes place in the 
rest of the cell, would appear to favour this view; as 
would also the great uniformity of the nucleus both in 
size and form, whatever be the functional nature of the 
celL It must be borne in mind, however, that non- 
nucleated cells may multiply, and that nucleated cells 
have been observed to divide, the nucleus itself taking no 
part in the process. 

Whatever be the part played by the nucleus, there can 
be no doubt that the protoplasm is the most important 
factor of the cell, and it may itself be the only constituent. 
The spontaneous movements, alterations in form, and 
migratory powers characteristic of young cells, are due to 
the protoplasm. Such movements are observed in the 
ceUs of the embryo, in lymphoid and young epithelial 
cells, in some of the cells of connective tissue, and in 
white blood and pus cells. 

The protoplasm, as already stated, may be the sole seat 
of the nutritive and formative power of the cell. It would 
appear, however, probable that it is more especially con- 
cerned in the performance of function, and that the 8pec\^(i 
functional peculiarities of cells are dependent xatliex \x^ti 
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it than upon their other constituents. The volume and 
consistence of the protoplasm varies in different cells, and 
in the same cell, at different times and under different 
circumstances. It is apparently capable of imbibing and 
giving up fluids, at the same time undergoing corre- 
sponding alterations in volume. These considerations 
render it probable that it is the seat of the selective 
power of the cell, and of those other properties which 
represent its specific functions. 

Genesis op Cells. — ^The proposition of Yirchow, that 
every cell originates directly from a pre-existing cell, forms 
the basis of the pathology of the present day. To B>emak, 
however, must be ascribed the merit of having first esta- 
blished the cellular origin of the tissues. 

The multiplication of cells may take place in three ways 
— ^by simple division^ by gemmation, and by endogenous 
growth. In the first two methods the cell breaks up into 
fragments; in the last, new cells originate within the 
parent cell. The process is obviously associated with 
growth and increase of the protoplasm. 

The multiplication by simple division is the most fre- 
quent method. The cell divides and forms two cells, and 
each of these again divides and forms two more, and so 
on. In nucleated cells the nucleus as a rule divides first. 
The nucleus, however, may divide and multiply within 
the cell without any division of the cell taking place. 
If the nuclei multiply within the cell and the protoplasm 
continuously increase without subsequent division of the 
cell taking place, large, many-nucleated, irregular- shaped 
masses of protoplasm are produced. These are the giant 
or myeloid cells, which are met with in the medulla of 
young bone, and in some new formations. (See " Myeloid 
Sarcoma," Fig. 33.) The existence of a dense cell-wall 
interferes with the process of multiplication by simple 
division. 

By endogenous multiplication is understood the de- 
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velopment of cells within pre-existing cells. The multi* 
plication of the cells of cartilage, such as occurs in the 
growth of bone and in the process of inflammation, has 
been adduced as an example of this mode of cell formation. 
Here, however, we have simply the division of the carti- 
lage cell within its capsule (See Fig. 71, d), and the process 
is precisely similar to multiplication by simple division. 
The mode of cell formation which must be regarded as 
strictly endogenous, is what is now commonly known as 
Vactwlation. This was described some time ago by 
Virchow in his " Cellular Pathology ;" and owing to the 
more recent researches of Klein and others, it now occu- 
pies an important place in the history of cell development. 
The process consists in the formation of a vacuole in the 
body of the cell. This vacuole may gradually increase in 
size until it occupies nearly the whole of the cell, being 
merely surrounded by a thin layer of protoplasm, in 
which may often be seen the displaced nucleus (Fig. 2, h). 
Within this vacuole one or more new elements are formed. 
These either originate from the nucleus of the cell, or they 
are produced from the protoplasm which forms the wall of 
the vacuole. In the latter case, according to Dr. Klein, 
buds grow out from the protoplasmic wall towards the 
interior of the vacuole, and these becoming detached form 
new cells.* A vacuolated cell with an elidogenous brood 
is shown in the accompanying drawing (Fig. 2), for which 
I am indebted to the observer just quoted. It must, 
however, be remembered, in forming any conclusion as to 
the origin of small cells within a larger cell, that there 
exists the possibility that these may have entered from 
without. 
The endogenous mode of cell formation is not that by 



• " The Anatomy of the Lymphatic System," vol. i. pp. 65 — 60 ; 
and Klein on "Endothelial vesicles of growing blood-vessels in the 
embryo cliick." " Sitzungberichte der Wiener k. Academie d.^^'iB- 
senschaften," Fart for March, 1871, 
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which tissues regenerate themselves. This is usually 
effected by simple division. Elements which have an 
endogenous origin have commonly a destiny different from 
that of the parent cell. 

Fig. 2. 




A Vacuolated Cell. a. Protoplasm of cell consti- 
tuting wall of the vacuole. 6. Displaced nuclei, 
c. The vacuole, d. Drop of fat. e. Endogenous 
brood. (Klein.) 

In multiplication by gemmation, a small portion of the 
protoplasm projects from the cell and becomes detached 
by constriction at its base, thus forming a new cell. This 
is much less frequent than the two former processes.* 



* The author wishes it to be distinctly understood, that in the 
subsequent pages the term "ccW" is employed to designate the 
most elementary factor of the tissues which is capable of exhibiting 
the phenomena characteristic of an independent organism, quite 
irrespectively of the existence of a cell-wall, or even of a nucleus. 
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NUTRITION ARRESTED. 

The absolute and permanent arrest of nutrition consti- 
tutes local or systemic death. Under this head are in- 
cluded the three following processes : — 

1. General or Systemic Death. — In this, the arrest is 
general; the nutritive processes cease throughout the 
whole body. 

2. Gangrene or Necroeis. — The arrest is local, and con- 
fined to a particular part, which, when dead, retains to 
a greater or less extent its external form and anatomical 
characters. 

3. Molecular Death or Necrobiosis. — The arrest is also 
local, but usually results from a previous gradual impair- 
ment of the nutritive processes, which ultimately entirely 
cease in some of the histological elements. The dead 
part is a granular debris in which all trace of the original 
structure is lost. This will be considered under " Atrophy 
and Degeneration.' 



» 



GAl^GRENE OB, NECBOSIS. 

Gangrene or Necrosis is the complete and permanent 
arrest of nutrition in a part — occurring for the most part 
more or less suddenly — which, when dead, retains to a 
greater or less extent its external form and anatomical 
structure. The series of processes by which this is 
brought about is called Mortification, the dead tissue — a 
Sphacelus or Slough. In bone the process is called 
Necrosis, the result — a Sequestrum, 
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Necrosis, the result — a Sequestrum, 
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The arrest of nutrition is followed by the complete 
cessation of all the evidences of life both functional and 
physical ; and the part thus removed from the influence of 
the " vital forces" undergoes those chemical and physical 
changes which are common to inanimate organic matter. 
In a limb, for example, there is paralysis of motion and 
sensation, coldness, dryness of the surface ; the natural 
firmness and elasticity are lost, and it becomes soft and 
doughy; the colouring matter escapes from the blood- 
corpuscles, and dissolved in the liquor sanguinis per^ 
meates and stains the tissues. Evaporation from the 
surface is to a great extent hindered by the epidermis, 
consequently, if the limb contains much blood, the 
transuded serum and the watery constituents of the tissues 
often form large bullas on the surface. As decomposition 
proceeds, gases are generated in the part — ^principally 
sulphuretted hydrogen, ammonia, nitrogen, and carbonic 
acid. These give rise to the emphysematous crackling 
which is so often associated with the gangrenous process. 
The tissues at the same time undergo a process of soften- 
ing or liquefaction, the Hmb becomes exceedingly offen- 
sive, and changes from a reddish colour to a brownish or 
greenish -black. This is owing to changes in the transuded 
haBmoglobin. If the limb does not contain a large amount 
of blood, and evaporation is allowed to go on freely from 
the surface by the destruction of the epidermis and rup- 
ture of the bullae, it may dry up — the process of decom- 
position gradually ceasing — and become converted into a 
black shrunken mass, which undergoes but little further 
change : — ^this constitutes Dry Gangrene or Mummifica- 
tion. If, on the other hand, as is more commonly the 
case, the gangrene is associated with venous obstruction, 
and thus the return of blood and absorption of fluids are 
prevented, the evaporation from the surface is rarely suf- 
ficient to dry the limb, and consequently, the process of 
decomposition proceeds until it is completely disorga- 
k lused: — this ia Moist Gangrene. 
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The characters of the dead part vary with its stmctiire, 
its vascolaritj, the cause of the gang^ne, the acnteness 
of the process, and the possibility of the access of atmo- 
spheric air. The more yascnlar the tissue, the softer its 
structure, and the more it is exposed to the atmosphere, 
the more rapidly and completely does it undergo decom- 
position. Bone, cartilage, and tendons, which are firm 
hard tissues, containing comparatively but few vessels, 
undergo very little alteration in structure and form; 
whereas softer parts are much more rapidly and com- 
pletely destroyed. 

The occurrence of decomposition manifests itself in the 
first place in the blood contained in the part : this fiaid 
undergoes the earliest and most rapid change. The 
haemoglobin escapes from the red corpuscles, partly by 
exudation, and partly by the destruction of the cor- 
puscles themselves, and dissolved in the liquor sanguinis 
permeates the surrounding tissues. The corpuscles are 
ultimately completely annihilated, nothing remaining but 
a few minute granules. 

The staining of the tissues with haemoglobin is com- 
monly known as post mortem, staining, and the appear- 
ances it presents are very characteristic. All the tissues 
may be more or less afiected, but the lining membrane of 
the heart and large blood-vessels, being in immediate 
contact with the blood after death, are naturally more so 
than other parts. The staining is of an uniform pinkish- 
red colour, thus differing from the punctiform and strati- 
form redness of hyperaemia, from which it must be 
carefully distinguished. The amount of staining is in 
proportion to the rapidity with which decomposition has 
taken place, and to the amount of blood contained in the 
part at the time of death. 

Rigor Moktis. — In muscle the arrest of nutrition is 
accompanied by a state of rigidity, known as the Eifjor 
Mortis. This is a peculiar condition of the muscles o\)- 
served in almost all bodies after death, in whick they \>^- 
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come firm and somewhat shortened, as though in a state 
of chronic contraction. It comes on as soon as the muscles 
have lost their irritability, i.e. their capability of respond- 
ing to artificial stimulation ; in other words, as soon as the 
nutritive processes have completely ceased. The time of 
its appearance will therefore depend upon the state of 
nutrition of the muscles at the time of death ; the more 
healthy and vigorous this is, the longer it is before the 
nutritive processes completely cease, and consequently the 
longer it is before the rigor mortis supervenes. The 
length of its duration and its intensity are in direct pro- 
portion to the lateness of its appearance. In people, for 
example, who are in perfect health, and die suddenly, as 
from accident, the rigor mortis does not usually come on 
until from ten to twenty-four hours after death ; it is very 
marked, and often lasts two or three days. In those, on 
the other hand, who die from some exhausting disease, as 
from chronic phthisis or the adynamic fevers, in which the 
nutrition of the muscles becomes much impaired, the rigor 
mortis appears very soon, sometimes as early as ten 
minutes after death ; it is very slight and may pass off in 
less than an hour. It has been said that in cases of death 
from poisoning by carbonic acid and sulphuretted hydro- 
gen, from lightning, and from some of the severer forms of 
the adynamic fevers, the rigor mortis is entirely absent. 
It is doubtful, however, if this is the case, as the rigor 
mortis has probably escaped observation, owing to its 
early supervention vmd rapid disappearance. As soon as 
the rigor mortis has passed off, decomposition of the 
muscular tissue commences. 

The rigor mortis occurs not only as the result of syste- 
mic and local death, but it may also be induced artificially 
by temporarily arresting the nutrition of the muscle. If 
the supply of blood to a muscle be cut off by the applica- 
tion of a ligature to the artery supplying it, it quickly 
passes into a condition which is indistinguishable from 
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the rigor mortis. If the Hgatore be lemoved safficientlj 
early, this disappears, and the yitaHty of the miLsde is 
restored. 

With r^ard to the nature of the change — ^it was for- 
merly sapposed to be a spontaneous contraction, the last 
act of YitaHtj on the part of the mosde. More recently, 
however, Kiihne and others have shown that it is really 
owing to the coagulation of an albuminous sul»tanee 
termed myosin. This substance, which is contained in 
the fluid of the musdej coagulates in its substance when 
nutrition has ceased, thus causing the firmness, hardness, 
and opacity, which disappear as soon as disintegration 
and decomposition commence. The transverse striation 
of the fibres then becomes indistinct and gives place to 
irregular rows of granules and fat molecules, the muscle 
softens, its sarcolenuna is destroyed, and ultimately no- 
thing remains but a soft structureless debris. 

A KTmilar copulation takes place in the cells of plain 
involuntary muscle, and here also a rigor mortis occurs. 
In the cells of all other tissues a coagulation of the proto- 
plasm occurs on the cessation of the nutritive processes ; 
the cells become cloudy and granular, and then break up 
into molecules of various sizes. 

Bespecting the disint^ration of other tissues : — The 
cells of adipose tissue rapidly diminish in size, owing to 
the escape of the fluid fat which ditiPiLses itself throughout 
the surrounding structures. The fibres of connective 
tissue swell up, become opaque, and ultimately liqueiv. 
In nerve-fibres, the white substance of Schwann coagTi- 
lates and collects into small drops (mveline) within the 
neurilemma. Cartilage and bone resLjt the necrotisine 
process longer than any of the tissues and are the lea«t 
altered by it. 

The termination of the gangrenous process varies. It 
may, after involving a greater or less extent of tissue, 
Wome arrested, and a " line oi demarcation" ionn \>e- 



1 



18 NUTRITION ARRESTED. 

tween the dead and living parts (Cvrcwitiscrihed Gangrene) ; 
or the process may continue to extend without any such 
attempt at recovery (Diffuse Gangrene). When the pro- 
cess becomes arrested, the dead tissue — ^the sphacelus or 
slough — acts as a foreign body, and as such sets up 
inflammatory changes in the adjacent living structures, 
and by this means it is ultimately removed or becomes 
encapsuled. The tissues immediately surrounding the 
necrosed part are thus in a state of inflammation, as is 
evidenced in external structures by their swelled condi- 
tion, red colour, and high temperature. As the gangre- 
nous process ceases, the necrosed fragment becomes 
limited by this line of inflamed tissue, which constitutes 
the " line of demarcation" between the dead and living 
parts. Along this line a process of ulceration and sup- 
puration takes place, and by means of this the dead mass 
is gradually separated from the surrounding structures. 
The ultimate termination of the process depends princi- 
pally upon the situation of the affected part : — if this be 
superficial, the slough is thrown off, as in external parts, 
the intestines, the pharynx, &c., an ulcerated surface 
being left. If the dead mass is deeply seated, its removal 
becomes possible only by the extension of the necrotising 
process to the surface, as is exemplified by the sponta- 
neous removal of necrosed bone through fistulous open- 
ings in the soft parts, and by the opening of an abscess. 
In other cases the inflammatory process which takes 
place in the tissues surrounding the dead part is less 
intense, and the formation of pus is less abundant and is 
soon followed by that of connective tissue, a layer of 
which is ultimately formed around the necrosed mass by 
which it becomes encapsuled. This occurs especially in 
internal parts. Examples of it are furnished by foreign 
bodies, haemorrhagic infarcts, accumulated epithelial pro- 
ducts, portions of necrosed bone, and a foetus in the 
abdonunal cavity, all of which may thus become sur- 
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romided "by a layer of connective tissue. The part when 
thus eucapsuled is nsnally rendered inert and no longer 
acts as an irritant to the tissues in which it lies; it 
undergoes a gradual process of absorption and drying up, 
and often becomes calcified. 

Causes. — The causes of gangrene may be divided into 
those which interfere with the supply of nutritive mate- 
rial, and those which directly destroy the vitality of the 
histological elements so that they are no longer able to 
perform their functions. 

A. The supply of nutritive material may be interfered 
with by : — 

1 . Obstruction in the Arteries. — This is a common cause 
of gangrene. The obstruction may be caused by a liga- 
ture, by compression of the vessel, by solution of its 
continuity, by thrombosis or embolism, and by disease of 
the arterial coats. If the obstruction be complete and a 
collateral circulation cannot be established, death of the 
part quickly ensues. Obstruction to the arteries alone, 
the return of blood by the veins not being interfered 
with, usually produces the dry form of gangrene. 

2. Obstruction in the Capillaries, — Obstruction here is 
usually the result of pressure upon or stretching of the 
vessels. This may take place from the accumulation of 
inflammatory products, haemorrhage, or from the pressure 
exercised by new growths. The resulting obstruction to 
the capillary circulation causes the death of the imme- 
diately adjacent tissues. As examples of gangrene from 
this cause may be mentioned the necrosis of the super- 
ficial layers of the bone which so frequently results from 
periostitis, owing to the compression of the capillaries 
between the bone and, the periosteum ; also the sloughing 
of the mucous membranes in diphtheria. 

3. Obstruction in the Feins.— Obstruction to the return 
of blood by the veins must be so complete in order to 
arrest nutrition that it is in itself rarely a cawse oi 
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gangrene. It is when associated with obstruction in the 
arteries that it constitutes an important agent in pro- 
ducing this result. This combination of venous and 
arterial obstruction is seen in a strangulated hernia, in 
the invagination of a portion of the intestine, in the con-> 
striction of a part by a tight bandage, and in contusions 
and lacerations of the soft parts in which both arteries 
and veins are injured or become strangulated by the 
tension of the tissues which subsequently ensues. In all 
cases in which gangrene is associated with venous ob- 
struction it is of the moist variety. 

4. Diminished Cardiac Power, — This, like venous ob- 
struction, is seldom independently a cause of gangrene. In 
cases, however, of excessive general debility or disease of 
the cardiac substance, the consequent diminution in the 
contractile power of the heart materially aids the fore- 
going causes in producing a fatal blood-stasis. The arrest 
of the circulation in " senile gangrene," and that which 
so often occurs in the tissues of the back in adynamic fevers 
and in chronic exhausting diseases, is in part the result of 
diminished cardiac power. This arrest, in the last-named 
conditions, is usually determined by some injurious stimu- 
lation of the tissue — in other words, it is a part of an in- 
flammatory process. 

5. Inflamimation. — The efi^ect of the inflammatory pro- 
cess is to impede or arrest the circulation, and to imipair the 
vitality of the affected part, and the intensity of the process 
may be so great as to permanently arrest the circulation and 
cause gangrene. Gangrene from inflammation has been 
called inflammatory f acute, or hot gangrene. It is always of 
the moist variety, and is characterised by the heat, swelling, 
tension, and redness of the affected part, which quickly 
becomes flaccid, cold, of a greenish-black colour, and ex- 
hales an offensive odour. Certain inflammations have 
a special tendency to terminate in gangrene, as diphtheria, 
erysipelas, carbuncle, and "hospital gangrene." In all 
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cases, tKe more impaired the nutrition of the part which 
becomes the seat of an inflammatoTj process, the more 
likely is this to cause its death. 

B. Destruction of the vitality o^ the histological ele- 
ments may be caused by :— 

1. Mechanical Agencies. — ^Under this head are included 
external violence, heat, cold, and corrosive substances, all 
of which, by directly and completely destroying vitality, 
may be causes of gangrene. In most cases, however, this 
result is preceded by more or less inflammation. 

2. Poisons introduced into the Ci/rcuUttion. — Phosphorus 
and ergot of rye are the most important of these. The 
necrosis of the jaw which results from phosphorus appears, 
however, to be owing to the direct (x)ntact of the phos- 
phorus with the bone, and the gangrene of the extremities 
which sometimes follows the long continued ingestion 
of ergot, is probably due to that contraction of the small 
arteries which this substance produces. 

Senile Gangrene. — This is a form of mortification 
which aflects especially the lower extremities of old 
people, and is the result of several of those conditions 
which have already been enumerated as causes of 
gangrene. 

The most important element in the production of senile 
gangrene consists in the occurrence of atheromatous or 
calcareous changes in the arteries of the limb, in conse- 
quence of which the circulation in it becomes impeded and 
its vitality impaired. This is evidenced by the coldness 
of the feet, the cramps, and the other abnormal sensations 
^hich are so often experienced by the patient some time 
■ before the gangrene sets in. This tendency to local stag- 
I nation of the circulation is usually materially increased 
! V tlie simultaneous atrophy or degeneration of the mus- 
cular substance of the heart itself. The combined eflect 
of the diminished vis d tergo and of the arterial degeuer?^ 
tion may, in some cases, be alone sufficient to canse arxe?^ 
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of the circulation and the formation of throir 
vesselfl of the limb, and thus to cause gangn 
Hupervention of the gangrene, however, is usuf 
mined by some injurious stimulation of the ti 
slight abrasion of the foot, a bruise, injury to 
excess of heat or cold, which sets up inflammat 
already weakened part, and thus by still furthei 
ing the circulation in it, and impairing its vitali 
its death. Senile gangrene is usually of the dri 



CHAPTEE III. 

NUTRITION IMPAIRED. 

Jen seen in the preceding chapter that the abso- 
st of nutrition is followed by the complete cessa- 
JI manifestations of vitality and function, consti- 
)cal or systemic death. Those conditions must 
onsidered in which the interference with nutrition, 
most part, falls short of absolute arrest, and in 
[though vitality is impaired, death is only an occa- 
jquence. Such conditions are comprised under 
ly," and " Degeneration." 

ATROPHY. 

liy is a diminution in the amount of a tissue, owing 
) diminution in the size, or diminution in the 
of the histological elements of which it is com- 
It is attended by loss of weight, and impairment 
on. 

the elements are diminished in size only, it is 
bnple Atrophy ; when the number is diminished, 
ed Numerical Atrophy. These two varieties are 
sociated, being different stages of the same pro- 
nple atrophy may, however, exist without nume- 
ophy, but numerical never exists without simple. 
tPLE Atrophy. — Simple diminution in the size of 
lents of a tissue is bj far the most commoii con- 
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dition met with in atrophy, tt is well exemplified by what 
takes place in ordinary emaciation, in which the fat gra- 
dnallj disappears from the sabcntaneons adipose tiasne. 
Adipoao tisane is merely common connective tiasne, many 
cells of which are diittended with fat. When a person 
emaciates, the fat is (jradnally removed from the cells, W 
that they diminish in siie, and the fat which completely 
filled the cell may be reduced to a lew isolated drops : the 
cell-wall and nucleus at the same time often become dis- 
tinctly visible (Fig. 3). Here there is no doatrnction of 
the ceUs, do diminution in their nnmher, hut simply the 
removal of some of their contents. As the fat is removed 
from the cells it is often partially replaced by a serous 
fluid. 

FiQ. 3. 




tk Bingle fat-cttll ivith ceU-weU, nucleuB, aad 
< 300. (Virahow.) 



This diminution in the size of the elements may take 
place in any tissue. The cells of all glandular organs 
may thus heooine atrophied, and so produce a diminution 
in the size of the whole organ; this is consta.ntly met 
with in the liver, kidneys, mammary gland, spleen, 
testicles, lymphatic glands, and other parts. Muscular 
tissue in the same way atrophies by the diminution in the 
size of its primitive fasciculi ; this is seen in the heart and 
in the voluntary muscles. In all these cases the elements 
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i^niain almost imchanged; and lience all Hurt is neoes- 
8sry for the restitntioii of the tissue is an increase in 
t:lieir nntritiye activity, and the assimilation of more 
znateriaL 

n. NuiCEBiCAL At&opht. — ^This is an advanced stage 
of the former process : the elements are not <mly dmii- 
nished in size, bnt some of them have actnaQy perished 
and ceased to exist as vital agents. 

This destmction of histological elements which occurs 
l3oth in atrophy and in some forms of d^eneration — and 
is called by Virchow, Necrohiosis — ^mnst be distinguished 
from the death of circumscribed portions of tissue which 
constitutes gangrene and necrosis. The two processes 
resemble one another in so ^ as death is common to 
both of them. In Xecrohiosis, however, the change is a 
molecular one; there is a gradual exhaustion of vital 
power, a molecular disint^ration and destruction of 
elements, so that at the termination of the process all 
that remains is a granular debris, in which but little or 
^0 trace of the former structure of the part can be dis- 
covered. The death and desquamation of the superficial 
%er8 of the epidermis is a well-known example of this 
molecular change. Gangrene, on the other hand, affects 
circnmscribed tracts of tissue, and is the result of some 
^dden arrest of nutrition, as distinguished from the 
gradual exhaustion of vital power. Death is more sud- 
^nlj induced, and a necrosed mass remains at the ter- 
^'Uuation of the process in such a condition that the 
structure of the part can usually be recognised. Xume- 
fical atrophy is thus of much graver import than that in 
^hich the elements continue to exist as such. In it, 
^stitation is only possible by the production of new 
elements, whereas in simple atrophy, repair can be 
effected without new formation. 
Atrophy may be general — affecting to a greater or 
extent all the organs and tissues of the body, ot '\\. 
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may be partial and limited to particular parts. Greneral 
atrophy is usually sirrfple, and is rarely accompanied by 
destruction of elements. It affects in the first place the 
subcutaneous adipose tissue, then the adipose tissue in 
other situations, as that surrounding the viscera and in 
the omentum, then the muscles and glandular organs, and 
lastly the nervous and osseous structures. 

Although atrophy in its strict signification consists 
simply in a diminution in the size or in the number of 
the component elements of a tissue, it is rarely a perfectly 
simple process, but is usually associated with more or less 
fatty degeneration. This is owing to the fact that when- 
ever the nutrition of a part is so much interfered with as 
to cause it to atrophy, it is very prone to undergo fatty 
changes ; and it will be seen when speaking of " fatty 
degeneration," that this process owes its origin to causes 
similar to those which produce atrophy itself. 

Causes. — In speaking of the causes of atrophy, it will 
be necessary to distinguish between those which act upon 
the tissues generally, and those which have merely a local 
influence. 

General Atrophy may be caused by : — 

1. Deficient supply of Nutritvoe Material. — Whatever 
interferes with the supply of nutritive material to the 
tissues will be followed by their atrophy. Deficient 
supply of food ; obstruction to the passage of the food 
into the stomach or intestines, as in stricture of the 
oesophagus or pylorus ; the mal-assimilation which results 
from the various conditions giving rise to dyspepsia; 
interference with the absorption of the chyle, from ob- 
struction of the thoracic duct, or disease of the mesenteric 
glands constituting the so-called "tabes mesenterica ;" 
may all in this manner be causes of general atrophy. 

2. Excessive Waste, — All those conditions which are 
attended by the loss of large quantities of nutritive 
material, may be causes of general atrophy. Such con- 
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ditions are ^imislied by contimiOTis lisBmorrhages, profuse 
and long-contiiiaed suppuration such as often occurs in 
caries and empyema, diarrhoea, and the excretion of large 
quantities of albumen or sugar as in Bright's disease or 
diabetes. The waste resulting from the increased tissue- 
change which accompanies acute febrile diseases, must 
also be included under this head. 

3. Impaired Nutriti/oe Activity, — This constitutes an 
important element in the production of the atrophy of 
old age, — senile atrophy. As life advances, the vitality of 
the elements gradually diminishes, their ability to separate 
nutritive material from the blood and to assimilate it for 
their own maintenance becomes less and less, and hence 
they gradually atrophy, and ultimately all manifestations 
of their vitality cease. 

Although general atrophy may thus be referred to one 
of the foregoing causes, it is rarely a simple process, but 
usually depends upon the combined influence of two or 
more of them. The atrophy associated with pulmonary 
phthisis, for example, results partly from the loss of 
nutritive material in the profuse expectoration and 
diarrhoea, partly from the deficient supply consequent 
ui>on the imperfect oxidation of the blood and upon the 
interference with assimilation which is so often caused 
by structural changes in the stomach and intestines, 
and partly from the increased tissue -change. In senile 
atrophy, again, in addition to the general diminution of 
nutritive activity, there is frequently some condition of 
the digestive organs interfering with assimilation which 
materially aids in producing the ultimate result. The 
atrophy which accompanies the acute febrile diseases is 
by no means a simple process, increased tissue-change, 
loss of appetite, and interference with assimilation being 
all component parts of it. 

Partial Atrophy may be caused by : — 

1. Imperfect supply of Blood.^^Th.Q effect of inteTiftTm^ 
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with the supply of blood to a part will depend npon the 
extent of the interference. If it be entirely cut off the 
part will die (See " Gangrene"), if merely diminished it 
will atrophy. 

Diminished supply of arterial blood is a common cause 
of atrophy, and may be brought about in various ways. 
The nutrient vessels may be obstructed by pressure exer- 
cised upon them within or without the organ to which 
they are distributed. In cirrhosis of the liver, the pres- 
sure exercised by the new growth of inter-lobular tissue 
causes atrophy of the secreting structures. In other 
cases the supply of blood is diminished by interference 
with the circulation at some instance from the part, as by 
the pressure of a tumour upon the artery leading to it. 
The atrophy of the proximal end of the shaft of a bone 
after fracture above the point of entrance of its nutrient 
artery, is due to the same cause. 

The atrophy which results from pressure exercised 
directly upon the part itself, is probably also partly owing 
to the consequent interference with its nutritive supply. 
Atrophy of the sternum from the pressure of an aneurism, 
atrophy of the kidney from the pressure of retained secre- 
tion — as in stricture of the urethra, enlarged prostate, 
&c., and atrophy of the skull in chronic hydrocephalus, 
are well-known examples of these atrophies from pressure. 

Mechanical congestion in the same way is not an un- 
common cause of atrophy. The circulation is impeded, 
the blood is not returned normally by the veins, hence 
there is deficient arterial supply, and atrophy results. 

2. Diminished Functional Activity, — This is the most 
common cause of atrophy, many examples of which are 
furnished both by physiological and pathological pro- 
cesses. After birth those parts which are no longer re- 
quired to serve any purpose in the economy gradually 
atrophy and waste. The ductus arteriosus, the umbilical 
arteries and vein, the Wolffian bodies, and later — ^the 
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thymus gland, all in this manner disappear. The invo- 
Intion of the ntems after delivery, the wasting of the 
spleen and lymphatic glands in advanced life, and of the 
lower jaw after the loss of the teeth, are other physio- 
logical examples of atrophy from this cause. 

Muscles which from any cause have long remained 
inactive atrophy. This is seen in the various forms of 
paralysis, especially in the so-called ** essential paralysis" 
of children; also in limbs which have become incapacitated, 
either on account of anchylosis, or of chronic diseases of 
the bones or joints. 

After the establishment of an artificial anus, the lower 
part of the intestine atrophies, and becomes converted into 
a fibro-cellular cord. 

Bones in the same manner atrophy from want of use. 
After the amputation of a limb, the cut end of the bone 
atrophies ; and atrophy of the orbit follows extirpation of 
the eyeball. 

Interference with the function of nerves is also followed 
by their atrophy. This is seen in the atrophy of the optic 
nerve which often follows destruction of the eye, and also 
in the atrophy of the nerves of a limb which has long 
been incapable of action. 

3. Increased Functional Activity, — This may in quite 
exceptional cases be a cause of atrophy ; much more com- 
monly, however, it is a cause of hypertrophy. Certain 
glands sometimes atrophy from excessive use, especially 
the testicle. 

4. The Action of Special Substances. — Certain sub- 
stances administered internally appear to be capable of 
producing atrophy. Iodine, bromine, mercury, lead, and 
the alkalies, may be enumerated amongst the most im- 
portant of these. Iodine and mercury exercise a special 
influence upon the lymphatic system, and bromine upon 
the organs of generation. 

5. Nervous Influence, — Eespecting the influence of the 
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nervons system as a direct cause of atrophy, little is cer- 
tainly known. That atrophy is a frequent sequence of 
changes in the nerve-trunks and nervous centres, there 
can he no doubt ; but it is probably in most cases to he 
attributed to an indirect influence. The atrophy of 
muscles, for example, which have become paralysed from 
lesions in the brain or spinal cord, is usually rather the 
result of the consequent interference with their function, 
than of any direct influence upon their nutrition. The 
very rapid atrophy of muscles, however, which follows 
certain alterations in the nervous centres and injuries of 
the nerve-trunks, render it exceedingly probable that some 
nerves contain fibres which exercise a direct influence 
upon nutrition, and that nervous influence may also be 
a direct cause of atrophy. (See " Introduction.**^) In some 
cases also, changes in the nervous system may cause 
atrophy by aflecting the size of the blood-vessels, and so 
interfering with the supply of blood. 

6. Inflammation. — ^This is sometimes described as a 
common cause of atrophy. The atrophy, however, which, 
is such a frequent sequence of an inflammatory process, 
is in most cases due to that new growth of fibroid tissue 
which is devebped in chronic inflammations. The new 
tissue, by the pressure which it exercises, causes atrophy 
of the proper structures of the organ. This is seen, for 
example, in cirrhosis of the liver. It is probable also, 
that the impairment of vitality which results from an 
inflammatory process may lead to atrophy of the histo- 
logical elements, independently of the existence of new 
fibroid growth. 

Physical Characters. — The estimation of atrophy is 
often a matter of considerable difficulty. The great crite- 
rion is, diminution in absolute weight. The weight of an 
organ, however, varies considerably in health ; it varies 
with the weight of the body as a whole, and it may be 
less than natural from incomplete development. The 



ATROPHY. 31 

same is true also of the mnscnlar and osseoas systems. 
An accumulation of blood and serosity in an organ may 
again increase its weight, and thus constitute a source of 
fallacy. This is often the case in organs which have been 
for some time mechanically congested, in which, although 
their size and weight may be increased, their tissue is 
considerably diminished in amount. 

Organs which are atrophied are usually diminished not 
only in weight, but also in size. In most cases they con- 
tain less blood, they are drier, firmer, and more fibrous in 
consistence than in health. Their functional powers are 
invariably diminished. 

The whole of the textures of which an organ is com- 
posed may suffer ; some, however, do so more than others. 
The fibrous constituents are the last to atrophy, hence the 
firmness, toughness, and loss of elasticity so commonly 
met with in the atrophied parts. In glandular organs, 
the secreting cells are usually the first to show signs of 
atrophy ; they become smaller, and are often finely gra- 
nular, from the presence of molecular fat ; the vessels and 
nerves also share in the wasting process. In the sub- 
cutaneous cellular tissue, the fat is gradually removed 
from the cells, which thus diminish in size. In muscles 
the primitive fasciculi become smaller, and their trans- 
verse striad gradually disappear ; ultimately the whole of 
the contents of the sarcolemma may be entirely removed, 
and nothing remain but the connective tissue. This process 
is usually accompanied by more or less fatty degeneration 
of the muscular fibres, and in some cases by the develop- 
ment of fat between the fasciculi. (See "Fatty Infiltration 
of Muscle.") 

ATROPHY OF BONE. 

Atrophy of bone is always attended by a diminution in 
weight, but not always by a diminution in size. It is 
met with in two forms. In one, the compact and can- 
cellous tissue gradually become absorbed, the medvillax^ 
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canal diminislies in size, and the wHole bone thus be- 
comes smaller. This is known as concentric atrophy. It 
is met with especially in the long bones, in cases of long- 
standing anchylosis, dislocations, or paralysis. 

In the other variety of atrophy there is no diminution 
in the size of the bone, but merely a gradual conversion 
of compact into cancellous tissue. The whole bone thus 
becomes rarefied, and it is exceedingly light and brittle, 
so that it fractures with great facility. This, in contra- 
distinction to the former variety, is known as eccentric 
atrophy. It is usually met with as a senile change, and 
is in most cases accompanied by more or less fatty degene- 
ration. 

PULMONAKY VESICULAR EMPHYSEMA. 

This appears to be the proper place to describe the 
changes met with in the lungs in emphysema, inasmuck 
as these changes are characterised mainly by atrophy of 
the walls of the air- vesicles. 

Emphysema consists essentially in a permanent enlarge- 
ment of the infundibula and air- vesicles in larger or smaller 
areas of the lungs. The dilatation appears usually to 
commence in the infundibulum, and to extend from this to 
the air-vesicles which open into it, so that ultimately the 
whole may be thrown into one large cavity. As the 
process proceeds, communications are established between 
adjacent groups of air- vesicles, and thus cavities of still 
larger area are produced. 

Atrophous Emphysema. — The more minute histological 
changes which accompany this vesicular dilatation vary 
somewhat in different varieties of the disease. In that 
form of emphysema which occurs in old people, and which 
is essentially a senile change, the alterations in the walls 
of the air- vesicles consist simply of atrophy of the several 
structures of which they are composed : — hence the term 
atrophous or small-lunged emphysema, which is applied 
by Sir W. Jenner to this variety of the disease. The air- 
vesiclea may not be much increased in. size, Wt several of 
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them are thrown into one, their walls are considerably 
thinner than natural, the connective tissue, elastic tissue, 
and blood-vessels all having apparently shared in the 
wasting process. There is usually also an abnormal 
amount of pigmentation. Such lungs are smaller than 
natural, and quickly collapse when the thorax is opened. 

Hypertrophous Emphysema. — In the other important 
variety of emphysema the lungs are increased in size, 
they bulge forwards when the thorax is opened, and in 
contradistinction to the former variety, certain constituents 
of the lung-tissue appear to be increased in amount, 
inasmuch as the lungs are less crepitant, and feel some- 
what denser and tougher than natural. This is described 
by Sir W. Jenner as hypertrcphous or large-lunged em- 
physema. 

When such lungs are examined microscopically, it will 
be found that the dilatation of the air-vesicles is more 
marked than in atrophous emphysema, although less 
general in its distribution. The atrophic changes also do 
not affect equally the various tissues which make up the 
alveolar walls. The elastic fibres appear to be more 
especially wasted, whilst, according to some observers, 
the connective tissue is increased. I have been unable to 
discover any marked increase of the connective tissue in 
the alveolar walls, although an increase of this tissue is 
often to be seen around the smaller interlobular blood- 
vessels and bronchi. The capillary blood-vessels which 
are distributed on the walls of the air-vesicles are atro- 
phied and diminished in calibre, owing to the stretchmg 
and pressure which result from the vesicular dilatation, 
whilst the larger interlobular vessels are often found 
thickened and distended with blood. In some cases 
there is more or less fatty degeneration of the epithelium, 
and usually an abnormal pigmentation of the lung. 

Etiology, — It would be beyond the scope of the present 
work to discuss the various theories which have been pro- 
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poanded to accoant for the deyelopment of emphysema. 
It is, however, obvious that all conditioiis which increase 
the pressure on the inside of the air-vesicles, or damage 
the resisting powers of their waUs, may be caases of per- 
manent vesicular dilatation. 

Increased pressure on the inside of the air- vesicles may 
result from — 

1st. Violent expiratory efforts with closed glottis, 
such as occur during the act of coughing, blowing wind 
instruments, violent muscular exertion, Ac. Those parts 
of the lungs which are least supported will be over- 
distended. This is the expiratory theory of Jenner. 

2nd. Certain portions of the lungs being incapable of 
expansion, owing to collapse, consolidation, asthmatic 
spasm, &c. There will be excessive tension in those parts 
into which the air can enter. 

Impairment of the resisting power of the air- vesicles 
may result from — 

1st. The loss of elasticity and atrophy which is a con- 
comitant of old age. This is the most important element 
in the causation of atrophous emphysema. 

2nd. The atrophy of the air- vesicles resulting from that 
stretching of theii* walls and obliteration of their blood- 
vessels which is caused by their over-distension from 
increased pressure exercised upon their inner surface. 

3rd. Damage to the walls of the air- vesicles which 
probably in certain cases results from previous attacks of 
pulmonary inflammation, or from some interference with 
their nutrition due to mode of life or to other causes. 
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Degekekation. 



The " Degenerations" indnde a class of morbid pro- 
cesses wbicli are characterised bj an alteration in the 
qwdity of the tissues, and which* hke atrophy, are at- 
tended bj impairment of function, and often by annihila- 
tion of histological elements. 

The alteration iu the quality of the tissue results either 
from its direct metamorphosis into a new material, or 
from its infiltration with some substance which has been 
conveyed to it from without. 

Atrophy and degeneration thus so far resemble one an- 
other, that in both processes nutrition is impaired and 
function interfered with. In atrophy, however, as pointed 
out by Yirchow, nutrition is simply altered in quantity , 
the waste of the tissue is in excess of the assimilation of 
new material, and consequently, there is a diminution in 
the amount of the tissue and an impairment of its func- 
tional powers. In degeneration, on the other hand, 
nutrition is altered in quality j a new substance exists in 
the tissues, which either originates in the tissue itself, or 
infiltrates it firom without; this is attended by impair- 
ment of the vitality and functions of the elements of 
which the tissue is composed, resulting either from the 
presence of the new material, or dependent upon the 
same conditions as those which give rise to its formation. 

Causes. — Of the causes of the Degenerations as a class, 
but little can be said, the various forms depending for the 
most part uf)on different conditions. These will te de- 
scribed under their respective heads. 

The Degenerations may be divided into two classes — 
the Metamorphoses and the Infiltrations, 

1. The Metamorphoses. — These are characterised bv 
the direct metamorphosis of the albuminoid constituents 
of the tissues into a new material. This is usually fol- 
lowed by the destruction of the histological elemeiilft ^xi<\ 
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the softening of the interceUolar substance, so that ulti- 
mately all trace of stractnre may be lost, and fnnction be 
completely arrested. The Metamorphoses include Fatty, 
Mucoid, and Colloid Degeneration. 

2. The Inpilteations. — These differ from the Metamor- 
phoses inasmuch as the new material which exists in the 
tissues is not derived from their albuminoid constituents, 
but is deposited in them from the blood : there is an infil- 
tration and deposition of a new substance. This is rarely 
followed by destruction of the histological elements, or 
by softening of the intercellular substance; hence the 
anatomical characters of the tissue are much less altered 
than in the Metamorphoses, and function is usually much 
less interfered with. The infiltrations include Fatty, 
Amyloid, Calcareous, and Pigmentary Infiltration. 



CHAPTER IV. 

FATTY DEGENERATION. 

By Fatty Defeneration is nsnallj understood the replace- 
ment of the normal oonstitnents <^ the tissues by nuJe- 
cnles, or drops of fat. An accomnlation of tat in the 
tissues occurs, however, nnder veiy different circum- 
stances, and under the general term of ** &ttj degenera- 
tion" are included different pathological processes. Before 
proceeding to describe these processes and the histological 
changes which thej produce, it will be well to consider, 
in the first place, the sources from which the fat met with 
in the body is derived ; and secondly, the circumstances 
under which it may accumulate so as to constitute a 
morbid process. 

General Pathology of Fatfy Degeneration. — The chief 
source of the fat met with in the body is the oleaginous 
constituents of the food. A portion of these are stored 
up in the cells of certain tissues, to be utilised as pro- 
ducers of force and heat when the requirements of the 
system may demand it. The cells of adipose tissue, and, 
to a less extent, those of the liver, thus serve as physio- 
logical reservoirs for fat. 

The other sources from, which fat may be derived is 
from saccharine and albuminous principles. The albu- 
minous principles in the process of nutrition undergo de- 
composition, and the products of their decompositioii 
contain a certain amount of fat. This is usnaLliy cotcl- 



38 NUTRITION IMPAIRED. 

pletely removed by oxidation, bnt tmder certain circnm- 
staoces tHe oxidation is incomplete, and the fat accomn- 
lates in the cells of the tissue. 

In considering the circnmstances nnder which an accu- 
mulation of fat in the tissues may constitute a morbid 
process, it is to be remarked that it often becomes exceed- 
ingly difficult here to draw any sharp line of demarcation 
between health and disease. This is especially the case 
when the accumulation of fat is excessive in situations 
where fat is normally met with. When it occurs in ab- 
normal situations, the morbid nature of the process is 
evident. 

An accumulation of fat in the tissues may occur so as 
to constitute a morbid process under the four following 
conditions : — 

1st. When the food contains an excess of fat, or of 
substances capable of becoming converted into fat. 
Under such circumstances the oxygen taken into the body 
is insufficient to pxidise the excess, and it consequentiy 
accumulates in the cells. 

An accumulation of fat from this cause occurs as a 
physiological process in the growth of adipose tissue. 
Adipose tissue is a connective tissue containing numerous 
cells which are distended with fat. The growth of 
this tissue thus consists simply in the fatty infiltration 
of more of these cells. (Fig. 4.) If this be excessive 
it constitutes obesity. The temporary accumulation of 
fat in the liver during the digestion of an aliment 
rich in fatty substances is another example of this kind of 
deposition. This will be described when speaking of the 
" fatty liver." If the amount of fat be very great it may 
accumulate, not only in normal situations, but also in 
tissues where fat is not usually met with, and in both 
cases the accumulation will thus constitute a morbid 
process. 

2nd. When there is no such excess of fatty substances 
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in the food, bat the processes of oxidation are so imper- 
fectly performed, either localJj or generallj, that the fat 
contained in a natond diet is incomplet^lj oxidised. 




Falfp Infiltration of Cotmecttet t^ltiif, Sbovin^ 
Uie Mcomalatioa of fat witliin tbe wile. " SOU. 
(Bindflebcb.) 

3rd- When the fat which is hlierated from the nitro- 
genona constJtnenta of the food daring the process ot 
natrition does not andergo the complete oxidation which 
it shonld, and so remains within the cells, 

4th, When the fat which is liberated from the proto- 
plaam of cells dnring the process of nntrition is incom- 
pletely oiidiBed, and bo accumnlatea in, and taVes tbe 
place of, the protoplasm. Here there is a gradual trans- 
formation of the protoplasm into fat, so that the cell is 
nitimatelj completely destroyed. 

Fatty degeneration in which there is this destruction of 
histological elements is one of the most common forms ot 
the disease, and it will hereafter be more fnUy described 
aa/afty metamorphoiU. Its natnre was first pointed out 
by Dr. Qnain in his well-lfnoim researches on ia.\Aj d,ege- 
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neration of the heart.* Dr. Qnain then stated that the 
fat met with in the mnseular fibres in this condition was 
the result of a metamorphosis of the fibres themselves, 
and was not derived from without. The truth of Dr. 
Quain's teaching has since been confirmed by the ex- 
perimental investigations of Drs. Voit and Bauer. 

Voit and Bauer's investigations were made with the 
object of determining the source of the fat in that acute 
form of fatty degeneration which is produced by poisoning 
with phosphorus, in which the degeneration is due to the 
destruction of the red blood cells, and the consequent 
diminution in the oxidising power of the blood.t They 
gave phosphorus to dogs which had for some days pre- 
viously been starved, so that any fat which might be 
present in the tissues after death could not have been de- 
rived either from the food or from the adipose tissue of 
the animals. The phosphorus produced very extensive 
and general fatty degeneration, and the fat must obvi- 
ously have arisen from the protoplasm of the cells. Voit 
concludes from these investigations — 1st. That the trans- 
formation of albumin which takes place in cells is inde- 
pendent of^ the supply of oxygen, but that if the oxygen 
be deficient, the fat and other products of the transfor- 
mation, being incompletely oxidised, accumulate in the 
cell. 2nd. That the presence of fat in the cells may thus 
be due to increased trb.nsformation of the albumin, or to 
diminished oxidation of the products of its decomposition. 
3rd. That the fatty degeneration in poisoning by phos- 
phorus is due both to an increased transformation of the 
albumin of the cells, and to diminished oxidation of the 
fat and other products of the transformation. 

It will thus be seen that of the four conditions ennme- 



♦ " Medico-Chimrgical Trans. Lond.," Vol. xzxiii. 
t Voit and Bauer, "Zeitschrift f. Biologie," vii pp. 63-86; and 
Volt, " Neues Repdrtorinm fur Pharmacie," xx. pp. 340-349. 
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raied as causes oi £attj degeneratioii, in all, nidi the 
exceptLon of the first, the aocmnnlatioii oi the ^t is 
principally dne to deficiency oi OTjgea and consequent 
inocmiplete oxidation ; whilst in the first there is no defi- 
ciency of oxygen, but the oxidisable materials are in excess. 

A deficiency of oxygen, and a ctmseqnent incomplete 
oxidation and tesndency to the production of tat, occurs 
under varions circnmstances. The red Uood cells heing 
the carriers oi oxygen, all those conditions in which the 
snpply of blood is interfered with, the red Uood cells 
diminished in number or defective in quality, or the oxy- 
genation of the blood imperfectly performed, may lead to 
fatty degeneration. The interference with the siq>ply of 
blood to the brain, for example, by thrombosis or embolism, 
causes fatty d^eneration of the brain-tissue. (See "Cere- 
bral Softening.'^ The destraction of the red Uood cells by 
phosphorus and other poisons; that general condition of 
anaemia whidi sometimes exists in young people, and is 
produced by many chronic and acute diseases ; and that 
rliminntion in the actrrity of the circulation which results 
from old age ; are also followed by a minilar result. If an 
organ or tissue be long disused, the quantrty of blooi cir- 
culating through it becomes diminished, and it con.se- 
quently undergoes fatty degeneratioo. (See "Fatty In- 
filtration of Muscle.") Lastly, the imperfect oxygenation 
of the blood which results from certain chronic diseases of 
the lungs constitutes one element in the causation of the 
fatty degeneration which so frequently exists in tLe^^r 
diseases. 

In proceeding to consider the histological changes which 
are produced in the tissues by an accumulation of fat, it 
must be stated, in the first place, that these rary Terr 
consideraHy according to the cause of the degeneration. 
In those cases in which the fat is derived from the meta- 
morphosis of the nitrogenous constituents of the tissue^s, 
the tissues are destroyed in the process ; whilst m (iX^L*^ 
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cases no sucli destruction nsnallj takes place. Althongl 
these two conditions may occasionally be associated, ye 
owing to the marked difference in the results which the 
respectively produce, it will be well to speak of thei 
separately ; that in which the fat is derived from th 
metamorphosis of the tissues being termed FcUty Mete 
jYiorphosis, that in which it is derived from the oleaginouf 
saccharine, or nitrogenous principles of the food — FaU 
Infiltration, 

PATTY INPILTEA.TION. 

In Fatty Infiltration, the fat which is deposited withi 
the cells usually occurs as distinct drops of oil. In th 
earliest stages of the process these are very small, but a 
the deposition proceeds they gradually accumulate an* 
run together, displacing and obscuring the nucleus an* 
protoplasm, until the cell is completely filled and dig 
tended with oil. (Fig. 5.) The vitality and functions o 

the cells are but little impaired b 
the accumulation, and the protc 
plasm — although rendered almo£ 
invisible when this is excessive- 
remains unaltered. The cells withi 
which the fat accumulates not be 
ing destroyed, the removal of th 
fat is all that is necessary to re 
store them to their original cond 
tion. As already stated, fatty ii 
Liver Cells in various filtration occurs as a physiologicJ 

tissue, and also in the liver durin 
the digestion of an aliment rich in fatty substances. 



Fm. 6. 




FATTY mPILTRATION OP MUSCLE. 

In muscle, fatty infiltration is frequently met with as 
morbid process. The cells in the connective tissue whic 



liar fasciculi has often been confounded with degene- 
1 of the fibres themselves. In this latter process, 
-^er, which will subsequently be described as fatty 
Kyrphosis of muscle, there is a direct metamorphosis 
muscular fibres into fat ; whereas in the condition 
under consideration, there is a deposition of fat 
yii the fasciculi, which remain — during the early 
I at all events — ^unaffected. The interstitial fat 

in amount. In some cases single rows of fat 
iltemate with rows of muscular fasciculi, at other 
the accumulation is less regular, more existing be- 
some fibres than between others ; in all cases, how- 
the muscular elements may be discovered lying 
gst the fat. (Fig. 6.) If the latter be very con- 
ble in amount, the muscle may appear to the naked 
be entirely converted into fat ; but the microscope 
ways reveal the muscular structure in which it is 
.ded. 

3 condition is frequently met with in animals which 
been fattened, the fat increasing not only in the 

situations, but also accumulating between the 
ili of the muscles. In muscles also which &om any 
have for some time been incapacitated, and in which 
[uently the oxidation processes are reduced to a 
lum, this interstitial growth is extremely liable to 
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eBpeciallj impoTtant to diatingniBli it from the mncli more 
grave conditdon in wliicli the fibres themselves are pri> 




f 



* 



Fatlg Infiltration of Hearl, A section from the mora eitarnsi 
portion of the left ventricle of the heart, showing the growth of 
fat betwefn the muacular fibres. The fihrea are in aome places 
atrophied and commencing to undergo fatty mclanioriihosiB. x 2O0. 

marily affected. la hettltlj, there is a varjing amount of 
&t covering tlie enrface of the heart beneath the visceral 
lajer of the pericarcEinm, which is always most abnndant 
in the grooves between the anricles and ventricles, where 
it BQTTOunds the blood-vessels. This maj increase so as 
to completely envelop the organ, and at the same time 
gradually insinuate itself between tlie mnscnlai* fibres, 
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BO that to the naked eye all appearance of mnscular 
Btructnre may be lost, the walls looking like a mass of 
fat. In hearts less affected, striae of fat will be seen lying 
amongst the mnscle. (See Fig. 6.) The fat is always 
most abundant near the surface, the muscular structure 
becoming more evident towards the endocardium. 

The immediate effect of the interstitial growth is to 
displace and compress the muscular fibres between which 
it insinuates itself, and in doing so it diminishes the con- 
tractile power of the muscle : this is especially important 
when occurring in the heart. The pressure, however, 
which it exercises upon the fibres and the accompanying 
blood-vessels, xdtimately causes atrophic and degenerative 
changes. Thus the fasciculi gradually atrophy, the trans- 
verse striation becomes indistinct and is replaced by mo- 
lecular fat ; in fine, true metamorphosis of the muscle is 
established. These two processes, indeed, not uncommonly 
go hand in hand together, the interstitial infiltration pre- 
ceding the intrastitial metamorphosis. 

PATTY INFILTRATION OF THE LIVER. 

It is in the liver that fatty infiltration assumes its 
most important aspect, and in this organ it is exceedingly 
frequent, constituting what is commonly known as the 
** fisitty liver." The hepatic cells always contain a small 
quantity of fat, which is temporarily increased after the 
ingestion of fatty substances. It will be well to describe 
this physiological infiltration before proceeding to the 
morbid process. 

The ingestion of an aliment rich in fatty substances is 
followed by a temporary excess of fat in the portal blood, 
and by the deposition and temporary accumulation of a 
portion of this within the hepatic cells. This fat is first 
deposited in the cells which are in immediate contact with 
the capillaries of the portal vein, and thus is produced 
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an excess of fat in the cells at the circumference of the 
hepatic lohules. This gradnaUy passes from the cells at 
the circumference to those in the interior, whence it is 
ultimately conveyed again into the circulation. This 
process goes on xmtil the excess of fat is removed from 
the blood, when the hepatic cells again acquire their 
former character. There is thus a transitory accumula- 
tion of fat within the hepatic cells which is gradually 
removed, the vitality of the cells not being thereby 
impaired. 

The morbidly fatty liver is one which contains an ab- 
normal quantity of fat, and here also, as the fat is usually 
deposited from the blood in the portal capillaries, the 
increase is first observable in the external zone of the 
hepatic lobules. (Fig. 7.) It accumulates here within 
the cells as minute globules, which as they increase 
coalesce and form large drops of fat. These ultimately 
completely fill and distend the cells, which at the same 
time become larger and more globular in shape. (See 
Fig. 5.) As the process proceeds, the accumulation 
advances from the periphery towards the centre of the 
lobule, until its whole mass may be involved, and the 
cells universally become distended with fat. The vitality 
of the cells is not materially impaired by the infiltration ; 
they continue to perform their functions, as is shown by 
the presence of bile in the stools and in the gall-bladder. 
In many exceptional cases the accumulation of fat is most 
marked around the hepatic vein. This, according to 
Virchow, is probably to be explained by supposing that 
the fat is becoming excreted, and that only the last cells 
retain a little of it. 

The fatty liver is somewhat increased in size, in ad- 
vanced stages often considerably so. The surface is 
smooth, the edges are thickened and rounded, the specific 
gravity is diminished, although the absolute weight may 
be increased. If the infiltration be slight, involving merely 
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tie portal zone of the lobules, the cut snrface will present 
a mottled appearance, the external fatty zone being of an 




opaqiit jBiiowiau-wiiiK! uoiijiir, »uiih6 iiiu UBiiirui jiuiliuii 
remaina nnaltered, or is perhaps somewhat hvppraGmic. 
The more ertensive the infiltration the larger is the pale 
zone, anil nitimatelj, when the whole lobule is involved, 
thi'r".' may be left in the centre merely a reddish-brown 
point, which corresponds with the commencement of the 
h*!jiatic vein ; and in many cases even this point is lost. 
The organ is then of au almost uniform opaque yeUo^iBV- 
white colour, and the boundary between the ui4\'ni\w:i 
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lobxdes may be completely obscured. In very exceptional 
cases the accumulation of fat is much more abundant in 
some portions of the liver than in others, so that on 
section, yellovrish points and streaks are seen s.cattered 
over its surface. The consistence of the organ is much 
diminished, it feels doughy, and pits on pressure with 
the finger, and the knife used to cut it becomes coated 
with oiL The pressure exercised by the infiltrated fat 
produces considerable anasmia of the organ, but the 
interference with the circulation is never sufficient to 
cause ascites, haemorrhage, or other evidences of portal 
congestion. 

The liver is especially liable to become the seat of fatty 
accumtdation. This, according to the late Dr. Bence 
Jones, is owing — firstly, to the excess of non-nitrogenous 
oxidisable matter which is always present in it ; secondly, 
to the deoxidised condition of the portal blood; and 
thirdly, to the low pressure and slowness of circulation in 
the portal vessels — conditions the least favourable to 
oxidation.* 

An accumulation of fat in the liver occurs under two 
opposite conditions — one in which there is general obesity, 
and the fat accumulates in the liver in common with other 
parts; and another, in which there is general emacia- 
tion, and a consequent impairment of the oxygenating 
power of the blood. The fatty infiltration of the liver 
which is so constantly associated with certain chronic 
diseases of the langs, is probably also partly due to im- 
perfect oxygenation of the blood from destruction of lung- 
tissue. Fatty liver caused by phosphorus and other 
poisons has been already alluded to. 

The other variety of fatty degeneration — fatty meta- 
morphosis, will be described in the following chapter. 



* (i Lectures on Pathology and Therapeutics." Dr. Bence Jones, 
p. 179. 



CHAPTER V. 

FATTY DEGENERATION {continued). 

FATTY KETAMOSPHOSIS. 

This differs from fattj infiltration, inasmncH as the fat is 
derived from the albominons constitaents of the tissnes 
themselTes, and not from the fattj, saccharine, or nitro- 
genous prindi^ of the food. 

The process consists in the transformation of the albn- 
minons constitaents of the tissnes into fat, in the manner 
described in the preceding chapter, the cells being the 
parts which are most frequently affected. This fat makes 
its appearance as minute grannies and molecules within 
the cells, nsnallj first in the protoplasm, and subsequently 
in the nucleus. The- granules — which are characterised 
by their dark colour, sharp contour, strong refractive 
power, and solubility in ether — gradually increase in 
number, until the whole of the protoplasm has undergone 
the transformation. As they increase some of them may 
coalesce, and so form distinct drops of fat. As the pro- 
cess proceeds the cells undergo an increase in size and 
become more globular in shape. Ultimately the nucleus 
becomes involved, the cell-wall, when this exists, is de- 
stroyed, and the cell is thus transformed into a mass of 
granular fat (Fig. 8). 

These gpranules of fat may remain in a coherent form for 
some time after the cell- wall and nacleas are destroy^ \ 

B 
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they then constitute what were formerly known as the 
"inflammatory" or "exudation corpuscles/' or "cor- 



Fig. 8. 



1 










Fittty Metamorphosis of Cells, a. From a 
cancer. 6. From the brain in chronic soften- 
ing. The latter show the large ** granular 
corpuscles, *' and also the manner in which 
these become disintegrated, x 200. 

puscles of Gluge," which are so common in chronic cere- 
bral softening, and in other forms of fatty degeneration 
(Fig. 8, 6.) Ultimately the corpuscles break up, the albu- 
minous matter between the granules of fat liquefies, and 
the fat becomes distributed in the tissue (Pig. 8, h). 

Types of this pathological process are furnished by 
many well-known physiologfical ones, one of the most 
characteristic of which is perhaps the secretion of milk. 
The mammary gland is a large racemose gland, consisting 
of innumerable groups of lobules lined with epithelial cells. 
The secretion of milk takes place in the following manner : 
— The cells lining the. lobules of the gland multiply 
abundantly, and the new cells as they are produced 
gradually become converted into fat ; the cell breaks up, 
and the fatty matters in a more or less coherent form 
constitute the milk-corpuscles. In the earliest stages of 
the process the granules of fat cohere and form the 
colostrum-corpuscles, which are precisely analogous to 
the large granxdar corpuscles met with in chronic cerebral 
softening, &c. (Fig. 8, h) ; but as the secretion becomes 
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folly established, and the multiplicatioa and disintegra- 
tion of the cells takes place more rapidly, the fatty mole- 
coles become at once distributed in the liqnid in which 
they are suspended, giving to the secretion its charac- 
teristic white colour. The milk-corpuscles thus formed 
are replaced by the continuous formation of new cells 
from below, which in their turn undergo fatty metamor- 
phosis, and in this manner a continuous formation and 
destruction of cells takes place. 

Other examples of fatty metamorphosis are afforded by 
the formation of the sebaceous matter of the skin, the 
cerumen of the ears, and the corpus luteum in the ovary ; 
all of which take place in the same way by the fatty 
metamorphosis and destruction of newly formed cells. 

The immediate effect of fatty metamorphosis is to pro- 
duce more or less softening of the affected part, the cellu- 
lar elements are completely destroyed, the intercellular 
Bubetance also undergoes fatty changes, and thus all trace 
of the original structure may be ultimately lost. This 
destruction of the cells is the essential feature of the 
change, and distinguishes it from fatty infiltration, in 
which the cells within which the fat accumulates usually 
remain intact. 

If large tracts of tissue are affected, the change is 
readily recognisaUe by the naked eye, by the diminution 
in consistence and elasticity which are produced, and in 
many cases also by the opaque yellowish- white colour. If, 
however, the change is limited to minute and isolated 
portions of the tissue, its existence can only be discovered 
with the aid of the microscope. 

The fatty particles into which the cells have been 
transformed, under favourable circumstances are readily 
absorbed. This is seen in the fatty degeneration and 
absorption of inflammatory products, such as occurs in 
croupous pneumonia. In order for such absorption to 
take place, it is necessary that the tissue should be freeVj 

E 2 
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supplied with blood-vessels. If this is not the case, the 
degenerated products are liable to undergo certain changes 
whereby they become converted into a pultaceous crumb- 
ling material somewhat resembling cheese : — ^this is known 
as caseation. 

Caseation. — This is a modification of the d^enerative 
process in which the fatty products gradually dry up into 
a yenowi,h friable material, which has been compared to 
soft cheese. This change appears to be owing to a 
natural dryness of the degenerated tissue, resulting &om 
deficient vascular supply. It is most frequent in parts 
which contain but few vessels, or in those in which these 
become obliterated by some new growth. Growths com- 
posed of closely-crowded cells — as epithelial accumulations 
within the pulmonary alveoli, growths in the lymphatic 
glands, in the braiu, and in the osseous structures, are the 
most liable to become caseous. 

The process consists in a gradual drying up of the 
degenerated elements ; the fluids are absorbed, the cells 
— which are many of them incompletely degenerated — 
shrivel and atrophy, the fat undergoes partial saponifica- 
tion, cholesterine forms, and the tissue thus becomes con- 
verted into a soft, yellowish-white, cheesy substance, com- 
posed of atrophied cells, fatty debris, and cholesterine 
crystals. This material may gradually dry up more and 
more, and ultimately become encapsuled by a layer of 
fibrous tissue. 

These cheesy matters are constantly met with, especially 
in the lungs, and considerable confusion has arisen as to 
their nature and origin in this situation. This has pro- 
ceeded from its having been formerly the custom to look 
upon all cheesy masses as essentially tubercular. Tu- 
bercle, it is true, often undergoes, to a greater or less 
extent, fatty degeneration; and it may thus, like all 
other structures which have undergone this process, be- 
come converted into a yellow cheesy substance ; but it 
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is by no means true tliat all cheesy masses are tuber- 
cular. Thus the pathological significance of these cheesy 
masses is much less limited than was formerly supposed, 
and is indeed almost coextensive with that of fatty dege- 
neration itself. In whatever situation they are met with, 
they indicate merely that the histological elements have 
undergone this fatty metamorphosis, and under no cir- 
cumstances are they in themselves evidence of any one 
particular form of morbid growth. 

The caseous mass may subsequently become calcified, 
or undergo a process of softening and liquefaction. 

Calcipicatiqn. — ^This is an advanced stage of the pre- 
ceding process. It most frequently occurs in those cases 
in which the caseous mass is completely enclosed and 
isolated from the external air, as when in the lymphatic 
glands, in bone, or when encapsxded in the lungs. The 
mass becomes infiltrated with calcareous particles, and is 
thus converted into a calcareous concretion (" see Calca- 
reous Degeneration"). 

Softening. — ^This process consists in a liquefaction of 
the caseous substance, which is probably owing to some 
chemical change in its constituents. It most commonly 
occurs in parts which come into contact with the external 
air, especially in those situated in the intestine, in the 
bronchial mucous membrane, and in the lungs. The 
caseous mass liquefies, and is converted into a thin puri- 
form liquid, containing curd-Hke cheesy matter, which to 
the naked eye looks much like pus, but under the micro- 
scope is seen to consist simply of granular debris, fat, 
and cholesterine crystals. This, if not discharged, may, 
like the caseous masses, ultimately dry up and become 
calcified. 

FATTY DEGENEEATION OF ARTERIES. 

Fatty degeneration of arteries may be a primary or 
secondary affection. As a secondary process it is met 
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with in Atheroma, m which the fatty cliaiige ia pie- 
ceded by an inflammatory cellular infiltration of tlie mb- 
endo^lial connective tissue (see "Atheroma"). 

Primary fatty degeneration is a paaaive proceaa, not 
beiog preceded by any increased nutritive activity of the 
parts affected by it. It may affect both the intamsl, 
middle, and ertomal coata of the artery, bat it b most 
common in the first-named aituation. The change naually 
commenceB in the eudotheliom and the connective tisene 
cells in the most internal layers of the inner coat, email 
groups of cells becoming affect«d in varioua parts qf the 
ressel; and it may gradually extend from within out- 
wards, the intcrceUnlar substance softening, nntil in ex- 
ceptional cases, the whole thicknesa of the intima in 
destroyed. (Fig. 9.) 

In the earlier stages of the process, the condition is 
recognised by the existence of small, irregular-shaped 



Fatly Degmtrat <m of (Ki InUmol Coat qf the 
Aorta. Minute jol owish wh to pitchea scat 
tared over the llnmg membrtkae of the v«BBeL 
A very tbm layer pesled off and x 200 Bhowiug 
the gronpB of fat molecnleB, sad the diBtnbntion 



patches of an opaque yellowish-white colour, projecting 

wtTi.^^^*^^ *''°™ **** snrface of the intima. These, 

of Z."^^ constantly met with on the.Uning membrane 

''he aorta, may at first be mistaken for atheroma. 
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They are in most cases, however, readilj distinguisliable 
by their superficiality, and by the facility with which 
they can be stripped off from the subjacent layers, which 
present a natural appearance. In atheroma, on the other 
hand — which affects the deeper structures, — ^if the super- 
ficial layer be removed, the opacity and thickening are 
seen to exist beneath it. In many cases the change is 
limited entirely to the innermost layers of the vessel ; the 
more the subjacent tissues are involved, the greater is the 
irregularity in the shape of the patches, and the less readily 
can they be separated with the forceps. The opaque 
patches ultimately break down, the cells are destroyed, the 
intercellular substance softens, and the granular d^ris 
is carried away by the circulation, leaving small, irregular, 
superficial erosions upon the lining membrane of the 
vesseL These erosions are not ulcers in the true sense of 
that term, not being the result of an active process. They 
■"esemble the superficial erosions so common upon the 
mucous membrane of the stomach, as described by Dr. 
Wilson Fox. 

Simple fatty degeneration may occur in any of the 
a.rteries, but it is in the smaller ones that its injurious 
influence is most marked, and in these it is more especially 
liable to affect the external coat. Here, by diminishing 
the elasticity and contractility of the vessels, it causes 
degenerative changes in the parts which they supply, and 
often leads to rupture. This is exemplified by many cases 
of chronic cerebral softening, and cerebral hsBmorrhage. 
In the larger arteries, as the aorta — where it is exceed- 
ingly common — it is of less importance, the inflammatory 
process, atheroma, having here a far more deleterious 
effect. 

The capillaries may also be the seat of this fatty 
change ; the endothelial cells being destroyed in the pro- 
cess, and the walls so much damaged, that rupture is 
often the ultimate result. This is very common m \)ae 
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smallest cerebral blood-yesselg, where it is a frequent 
canse of cerebral bsBinorrliage. 

Passive fatty degeneration of arteries is in most cases a 
senile change ; it is an expression of that general impair- 
ment of vitality which exists in advanced life, and is 
nsnally associated with similar changes in other parts. 
When, however, it is limited to the largest arteries, it is 
often met with in early life and in persons who are other- 
wise perfectly healthy. 

PATTY DE6ENEBATI0N OP THE BRAIN. — CEREBRAL SOFTENENG. 

Fatty degeneration of the brain is met with in those 
morbid conditions comprised nnder the common term of 
" Cerebral Softenings." Whatever interferes with the 
supply of blood to the cerebral substance will tend to 
produce fatty degeneration, and hence softening. The 
portions of the brain which are the seat of this change 
may be merely rather softer than the surrounding healthy 
tissue — ^breaking down more readily under a stream of 
water which is allowed to fall upon them — or they may 
be completely diffluent. They are never distinctly cir- 
cumscribed, but pass by insensible gradations into the 
neighbouring tissue. 

Under the microscope the change is seen to consist in 
a disintegration of the nerve-tissue. The white sub- 
stance of the fibres first coagulates, then breaks up into 
large masses, and these subsequently undergo fatty me- 
tamorphosis. The cells of the neuroglia, the small blood- 
vessels, and when the grey matter is implicated, the large 
nerve-cells, are also involved in the fatty change. The 
tissue is thus converted into broken-down fibres, a large 
amount of molecular fat, and numerous large granular 
corpuscles, the so-called " exudation corpuscles" or " com- 
pound inflammatory globules of Gluge." (Fig. 10.) These 
corpuscles were formerly looked upon in all cases as the 
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result of inflammation, hence their name ; they are, how- 
ever, simply conglomerations of fat granules formed b j the 




Chronic White Softening qf the Brain. Show- 
ing the granular corpuscles, broken-down nerve- 
fibres, and fat granules, of which the softened 
substance is composed. One or two nucleated 
cells (probably nerve-cells) are also visible. 
X 250. 

degeneration of the cellular elements. (See Fig. 8.) The 
cells from which they originate are, according to Yirchow 
and Bobin, the cells of the neuroglia — the connective 
tissue of the brain : — ^these cells share in the fatty change, 
and in doing so, appear to undergo considerable enlarge- 
ment before they are destroyed and the fatty matter 
breaks up. They vary in size from -^ to yoois ^^^^ ^^ 
diameter, the average being ywo^- When the softening 
affects the grey matter the nerve-cells also contain mole- 
cular fat. The small arteries and capillaries running 
through the softened part are many of them filled with 
fat granules and granular cells. These latter probably 
originate in the white blood-corpuscles which have accu- 
mulated in the part and undergone fatty changes. Mole- 
cular fat and the large granular corpuscles will also be 
seen adhering to the external surface of the vessels ; and 
here care is required to distinguish these from fatty dege- 
neration of the vessels themselves, to which the (ieTe\yta\ 
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softening is so frequently dae. As the process proceeds 
the cerebral sabstanoe is completely destroyed and all 
traces of nerve-structnre is ultimately lost. 

The colour of the softened portion varies considerably. 
It may resemble that of the surrounding healthy tissue ; 
in other cases it is altered to a yellowish or deep red tint. 
According to these variations in colour, cerebral soften- 
ings have been classified into white, yeUow, and red. The 
colour depends in great measure upon the amount of 
blood contained in the part, and on this account is im- 
portant, as indicating the manner in which the softening 
has been brought about. 

White Softening, — This is, in the great majority of cases, 
a chronic condition. It occurs especially in old people, 
and is usually due to that disease of the smaller cerebral 
blood-vessels and consequent interference with the circu- 
lation which is common as a result of age. The impair- 
ment of the contractile power of the heart must also con- 
stitute an auxiliary in the causation of the imperfect 
vascular supply. It is the gradual manner in which the 
supply of blood is diminished which accounts for the 
absence of hyperaemia or haBmorrhage, so that the colour 
of the softened portion either resembles that of healthy 
brain-tissue, or is an opaque dirty white. White soften- 
ing is sometimes acute, in which case it is usually due to 
the sudden obstruction of the circulation by the impaction 
of an embolus in one of the la/rger arteries (see "Embo- 
lism in the Brain*'). 

YeUow Softening. — This is, in most cases, simply a 
variety of the former process, in which, from the fine 
state of division and close aggregation of the fatty 
particles, a dead yellowish- white colour is imparted to the 
softened tissue. This colour is probably often partly 
owing to the presence of altered blood pigments, the 
result of some previous slight extravasation. The pig- 
ment may sometimes be seen as fine dark granules, scat- 
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throiigli the cells of the neuroglia and the nerve-cells 
3 grey matter, where at first sight they look like 
particles ; they are distinguished, however, by their 
black colour. A softening of the brain more 
ly induced, as by embolism or thrombosis, may also 
Lonally be of a yellow colour. This, however, is only 
Lse when the softened portion has attained a certain 
ind much of the extravasated blood has been re- 
i by absorption. Lastly, a condition of gelatinous 
la of a yellow colour, which has been described by 
ansky as ofben being present in the immediate 
ty of cerebral tumours, has been regarded as a 
y of yellow softening. 

{ Softening, — This is commonly an acute affection, 
frequently dependent upon vascular obstruction, 
- fr(£m embolism or thrombosis. There is intense 
eral hypersemia, rupture of capillaries, and extrava- 
L of blood ; the softened tissue is consequently of a 
red colour : — ^this will be described in the chapter on 
x)lism." Bed softening is also sometimes associated 
the chronic white variety, some of the diseased 
s giving way, and thus extravasation of blood taking 
into the already softened tissue. Lastly, red sof- 
r may be inflammatory (see " Inflammation of the 

FATTY DEGBNEKATION OF MUSCLE. 
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sion of the albmninoas matter cf wliich the fibre is com- 
posed into fzi. The earliest stage of the affection is 
characterised by an indistinctness in the transverse mark- 
ings of the fibres, which in many parts become stadded 
with minnte particles of fat. (Fig. 11.) These gradnallj 

increase in nnmber and size, and are 
'^* nsnally distributed somewhat irregu- 

larly within the sarcolemma. In some 
parts single rows of granules are found 
running along the length of the fibre ; 
in others, they are grouped around 
the nuclei or arranged in transverse 
lines corresponding with the stnse of 

of Muscular Fibres *^® muscle. The fibres become ex- 
of Heart, a. Earlier tremely friable, and are readily broken 

vamjod. X 400. ~ ^P ^^ short fragments. As the 

process proceeds the transverse mark- 
ings entirely disappear, and nothing but molecular fat 
and oil globules are seen within the sarcolemma. The 
sarcolemma itself may ultimately be destroyed, and no- 
thing remain of the original fibre but the fatty debris 
into which its albuminous constituents have been con- 
verted. This is true fatty degeneration of muscle ; in it 
the muscular elements are destroyed, and it thus differs 
essentially from fatty infiltration, in which there is 
simply a development of fat between the fasciculi, the 
fasciculi themselves not being primarily affected (see 
" Fatty Infiltration of Muscle"). 



FATTY DEGENERA.TION OF THE HEA.RT. 

It is in the heart that fatty degeneration of muscle 
is most frequently met with, and here it assumes a most 
important aspect from the deleterious influence which it 
exercises upon the motor power of the organ. The mus- 
cular substance may be affected throughout, or, as is 
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more freqnentlj the case, the defeneration may be ocm- 
fined to certain portions of it. It is nuve oommon in 
some situations than in others. The <»der of fireqnencr 
with which it occurs in different parts is, according to 
Dr. Qoain, firstly, the left ventricle ; second] j, the right 
ventricle; thirdly, the right anricle; and fourthly, the 
left anricle. 

The wider the extent of tissue that is affected, the less 
advanced, as a rule, is the degree of the degeneration. It 
is in those cases in which small tracts of tissue only are 
involved, that the process is met with in its most advanced 
stage. 

The consistence of the degenerated part is always 
diminished, and its colour altered. When the change is 
slight, and more or less general, the musde is somewhat 
softer and more flabby than natural ; it is more friable, 
and often breaks with a soft granular fracture. The 
colour is uniformly rather paler, and more opaque than 
that of healthy cardiac tissue. Under the microscope the 
muscular fibres are seen to have lost their striated ap- 
pearance, and to contain granules of frit. 

This diffuse form of degeneration may occur in the 
course of those diseases in which the oxidation processes 
are reduced to a miTiiiTiiini ; in all those diseases, in short, 
whicli are attended by marked anaemia, whether this 
anaemia be gradually or rapidly induced. In the case from 
which the accompanying drawing was taken the degene- 
ration was acute (Fig. 12). This was the case of a weakly 
young girl who was under my care, suffering from slight 
valvular disease. She quickly succumbed with acute 
fatty degeneration of the heart and other muscles, which 
was induced by a profuse loss of blood during a menstrual 
period, and by inability to retain food.* In its slightefel 



* This case is reported in "Tnuis. Clinical Society, IxnuiT 
ToL viii. 1875. 
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degreea a, diffase fattj degeneration of the heart some- 
iimeB occors in the GOnrse of aoate febrile dlBeaees. Thie 
will b« again referred to in the chapter treating of the 
histolt^lical changes produced bj pyrexia. 



Fio 12 
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Aaite Fatly DtgtnenUioB af Beart tmd qf o(A«r Maacla. a. 
Heart, b, BactOB abdommls. Tfae whole o! the hssrtr-tiBBQe 
-waa aifected and also tbe mnBclee in other pajta of the body. 
X 400. 

More froqnent than this difinae and comparativel; 
slight degree of degeneration, affecting the whole or the 
greater part of the organ, is a condition in which, although 
perhaps the change maj be more or less general, it is 
much more advanced in some parts than in othera. In 
snch caees the heart presents a mottled appearance ; 
numerons opaqne, pale yellowish or brbwniah patches are 
seen irregnlarly distributed thronghont its substance. 
These patches vary considerably in size and form; they 
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are met witli especially in the papillary muscles, the 
colmnnaB camesB, and in the layers of fibres immediately 
beneath the endocardium. They may also occnr beneath 
the pericardium, and in the deeper portions of the organ. 
They correspond with the most degenerated portions of 
the tissue. They are soft and flabby, and have a rotten 
consistence, tearing readily under the finger. Under the 
microscope, the fibres are often seen to be in an advanced 
stage of fatty degeneration ; their sarcolemma contains 
large molecules of fat and oil globules, which in many 
parts have escaped and lie free amongst the surrounding 
less degenerated tissue. (Fig. 11, h) These more localised 
degenerations are most common in old people, and usually 
result from imperfect supply of blood due to disease of 
the coronary blood-vessels, and not from conditions of 
general ansBmia. The peripheral layers of muscular tissue 
also frequently undergo extensive fatty 
degeneration as the result of peri- * 

carditis. The connection between 
these localised degenerations and rup- 
ture and aneurism of the heart is well- 
known. 

BUOWN ATKOPHY OP THE HEA£T, 

Closely allied to, and frequently as- 
sociated with fatty degeneration of the Broum Atrophy qf 
heart, is the condition known as brown ^ ^^'^\ Stowing 

J. 1. nrt_' . . ^ ^ the gTEDUleS of pig- 

atrophy. This consists in a gradual ment and the atro- 
atrophyof the muscular fibres, together 1^^^ ,atto,?"haveTn 
with the formation of granules of some parts under- 
brownish-yellow or blackish pigment, f """^ ^^1?^* ^***y.Sf " 
»- 1 - . , . , tamorphosis. x400. 

rnese granules of pigment are either 

grouped in clusters around the nuclei, or more generally 
distributed within the fibre. The fibres are frequently, 
at the same time, the seat of more or less fatty degene- 
ration. (Fig. 13.) 
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Brown atrophy of the heart nsuallj occurs as a senile 
change, or as a part of general marasmus from other 
causes. It is also met with in some cases of cardiac 
hypertrophy. It is more chronic in its course than simple 
fatty degeneration, and its recognition is in most cases 
impossible without the aid of the microscope. 

PATTY DEGEKEBATION OP THE KIDNEYS. 

Fatty degeneration of the kidneys frequently occurs as 
a result of inflammation of the organs. This secondary 
degeneration will be alluded to when treating of renal in- 
flammations. Primary fatty degeneration is much less 
frequent. It must be borne in mind that the renal 
epithelium very commonly contains more or less fat ; but 
it is only when this is excessive that it can be regarded as 
a diseased condition. This excessive formation of fat in 
the kidney is, I think, less common than is generally sup- 
posed. It is, however, occasionally met with in chronic 
diseases, especially in pulmonary phthisis. It is also a 
result of poisoning by phosphorus. 

In simple fatty degeneration the change is usually con- 
fined to the epithelium of tbe cortex. The cortex presents 
on section a somewhat yellowish-white surface, often 
slightly mottled, and this, in most cases, is most marked 
near the bases of the pyramids. There is no adhesion of 
the capsule or granulation of the surface. This change 
appears to interfere but little, if any, with the functions 
of the organs, and in this respect it resembles the analo- 
gous change in the liver. It is not accompanied by 
albuminuria. 



CHAPTER VI. 

MUCOID AND COLLOID DEGENERATION. 

SB this head is indaded a class of morbid changes 
h are characterised hj a peculiar softening of the 
es. Colloid and mncoid degeneration have frequently 
described nnder the common term of " colloid soften- 
" but, although they are very closely allied and fre- 
tly associated, they appear to constitute two distinct 
»8e8 ; the former affecting more especially the cells, 
itter the intercellular substance, 
com Degeneration. — This consists in the transfor- 
u of the albuminoid constituents of the tissues into 
, owing to which they become converted into a 
al of a soft, mucilaginous, jelly-like consistence, 
the condition of nearly all tissues in their imma- 
foetal state : the connective tissues in the fcBtas 
almost entirely of this soft mucin-yielding sub- 
Some tissues retain these characters after birth, 
lilical cord, and the vitreous humour of the eye, 
composed of this substance, 
ange affects especially the intercellular substance, 
lently the cellular elements. The intercellular 
of the connective tissues in their fully developed 
iists of gelatin and chondrin, and the macoid 
thus a reversion of this substance to its foetal 
When the cells are affected, as their proto- 
mes transformed into mucin they are gnidwaW^ 

F 
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destroyed. This occnrs normallj in the epithelium of 
niacoas membranes. 

Mucin is closely allied to albnmen, more so than to 
either gelatin or chondrin : it differs from it in not con- 
taining sulphnr. Like albumen, it is only met with in 
alkaline fluids — being held in solution by the free alkali — 
from which it is precipitated by dilute acetic acid. It 
differs from albumen in being insoluble in an excess of the 
acid, and also in not being precipitated by boiling, by 
tannin, or by bichloride of mercury : its behaviour with 
these two reagents will also distinguish it from gelatin 
and chondrin, which are both precipitated by them. 

The mucoid change is by no means a common one. It 
is most frequently met with in cartilage, especially in the 
inter- vertebral and costal cartilages of old people. It also 
occurs in serous membranes, in bone, and in many of the 
new formations, especially in those of the connective- 
tissue class. Wherever it occurs it produces softening of 
the affected parts ; which are transformed into a homo- 
geneous, colourless material, of a soft mucilaginous jelly- 
like consistence. If the change is limited to isolated 
portions of the tissue, the softened parts surrounded by 
those which are unaltered, often present the appearance 
of cysts. These cyst-like formations containing mucoid 
substance are not uncommonly met with in the costal 
cartilages and in new growths. 

As to the cause of the mucoid change, nothing is known. 

OoLLOED Degeneeation. — This differs from the former, 
inasmuch as it is the cells which are especially involved in 
the process. 

The change consists in the metamorphosis of the albu- 
minoid constituents of the cells into a substance known as 
colloid material. Colloid closely resembles mucin, but it 
differs from it chemically, in containing sulphur, and in 
not being precipitated by acetic acid. It is a colourless, 
transparent, glistening material of the consistence of jelly 
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Fig. 14. 




Colloid CeUs^ from 
a colloid cancer. 
(Rindfleisch.) 



or half-set glue. Ifc makes its appearance within the cells, 
as small lumps, which gradually increase in size, pushing 
the nucleus to one side, until they completely fill the cell. 
(Fig. 14.) The cells are thus destroyed, and converted 
into colloid masses. The small colloid 
masses subsequently swell up, coalesce, 
and so form larger masses of firm, 
transparent, yellowish, jelly-like ma- 
terial, which are readily to be recog- 
nised by the naked eye. As the colloid 
matter increases, and the cells are 
destroyed, the intercellular substance 
atrophies or softens, and in this way 
cyst-like cavities are formed within 
which is contained the gelatinous sub- 
stance. Here it may subsequently 
undergo a process of liquefaction. (See 
Fig. 49.) 

The colloid change is most common 
in enlargements of the thyroid gland, in the lymphatic 
glands, in the choroid plexus, and especially in many of 
the new formations. (See " Colloid Cancer.") Its causes 
and nature are as obscure as those of the allied mucoid 
softening. 

It is when occurring in new formations that these two 
forms of degeneration assume their most important 
aspects. Certain varieties of tumours may originate as 
mucoid or colloid growths, or may subsequently undergo 
these morbid transformations. The mucous tumours 
(myxomata), which resemble in structure the umbilical 
cord, consist entirely of a gelatinous- mucin-yielding sub- 
stance. The sarcomata, lipomata, enchondromata, and 
the cancers may also become the seats of these forms of 
softening. 

Such growths have sometimes been described as gela- 
tiniform or colloid cancers, this term having been app^^ 

F 2 
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to them withont any regard to their structure or real 
nature. Cancers, it is true, may undergo a colloid change 
(see " Colloid Cancer") ; but it is by no means true that 
all tumours possessing these soft gelatiniform cha- 
racters are cancers. The terms "mucoid" or "colloid" 
applied to a new growth, merely imply certain physical 
and chemical characters, and convey but little information 
as to its real nature. 



CHAPTER VII. 

AMYLOID DEGENERATION. 

HD degeneration, which is one of the most im- 
it of the degenerative processes, consists in the 
ition of the tissues with a peculiar homogeneous 
acent substance closely resembling albumen, by 
their vitality becomes diminished and their fanc- 
mpaired. 

3 often known as the lardaceous, or waxy change, 
gans affected by it having somewhat the appear- 
f lard or wax. The term " amyloid** — which was 
i to it by Virchow, from the supposed resemblance 
! new material to cellulose or starch — as being 
y which it is perhaps most generally known, is 
iopted. 

I form of degeneration is very rarely a primary 
3n, but almost invariably occurs as the sequel of 
other disease. It appears to be associated with 
I cachectic conditions, brought on by many ex- 
Qg diseases. It is in those diseases which are 
ed by profuse and long-continued suppuration, 
,8 chronic diseases of bone, empyema, chronic dis- 
itive diseases of the lungs, chronic pyelitis, and 
c intestinal ulceration, that the amyloid change 
requently occurs. It also frequently occurs in the 
;ed stages of constitutional syphilis, but usually 
I those cases in which there is chronic bone disease 
Dnic ulceration. 
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Every organ and tissue may be tlie seat of tlie change ; 
those, however, in which it is especially prone to occur, 
are the kidneys, the liver, the spleen, the lymphatic 
glands, and the intestines. It is met with less frequently 
in the stomach, in the supra-renal capsules, in the 
pharynx and oesophagus, in the bladder, prostate, and 
generative organs, in serous membranes, in the mem- 
branes of the brain and cord, and in muscle. It is rarely 
limited to one organ, but several organs are almost 
invariably simultaneously affected by it. 

Respecting the nature of the new material which infil- 
trates the tissues, the analyses of Kekuld and Schmidt 
show that it is a nitrogenous substance closely allied to 
albumen. The conclusions arrived at by these observers 
are, however, not satisfactory, as they were unable com- 
pletely to separate the substance from the tissues in 
which it was deposited. More recently, Kiihne succeeded 
in more completely isolating it. He submitted the 
affected organs to a process of artificial digestion, and 
inasmuch as the amyloid substance is not dissolved by- 
digestion with pepsin, it was thus obtained free from the 
tissues in which it was contained. The result of Ktihne's 
analyses are very similar to those of Kekul^ and Schmidt. 
Dr. Dickinson regards the new substance as fibrin deprived 
of its alkaline salts. The investigations of Dr. Marcet* 
show that the infiltrated organs are considerably deficient 
in potash and phosphoric acid, whilst they contain an 
excess of soda and chlorine. In conclusion it may be 
stated that, although the precise composition of the 
amyloid substance has not yet been determined, the 
results of the several analyses appear to justify the 
opinion that it is some modification of fibrin. 

The most characteristic feature of the amyloid sub* 



• See "Report of Committee on Lardaceous Disease," Trans. 
Path. Soc Lend. 1871. 
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stance is the peculiar reaction whicli it gives with iodine, 
and with iodine and snlphnric acid. If an aqneons 
solution of iodine — made with the help of potassiam 
iodide — be applied to an amyloid organ, the affected por- 
tions change to a deep reddish-brown colour. This is 
not permanent, but gradually passes off, and the part re- 
gains its former appearance. If the application of the 
iodine be followed by the cautious addition of sulphuric 
acid, a blackish-blue or violet tint is produced. This 
latter reaction, however, is not easily obtained, con- 
siderable nicety being required in the application of the 
reagents. The following is the method for obtaining it, 
recommended by Professor Yirchow : — ^A dilute aqueous 
solution of iodine must be allowed to soak well into the 
tissne, the excess must be poured off, and a single drop of 
concentrated sulphuric acid gradually added, when a blue 
or violet colour will be produced, either at once or after 
some time. In the hands of English pathologists this 
latter reaction has certaroly met with but little success ; 
and if the colour be obtained, it is by no means satis- 
factory, and more nearly resembles a' black than the blue 
which has been described. Fortunately, however, the 
reaction with iodine alone is perfectly characteristic, and 
the attempt to obtain the blue by the subsequent addition 
of sulphuric acid, is therefore quite unnecessary. If the 
change is at aU advanced, the reddish-brown colour will 
be produced by merely pouring the aqueous solution of 
iodine over the cut surface of the organ ; but in slighter 
degrees of the affections, thin sections must be made with 
a Valentin's knife, and well washed with water to remove 
the blood, before the coloration with iodine can be ob- 
tained. 

Upon considering the above reactions, it will be seen 
that they resemble, in some respects, those exhibited by 
some well-known organic substances. Cellulose — thft 
substance which forms the external membiaiie oi 've^e- 
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table cells — ^yields a blue wben treated with iodine and 
salphuric acid, and so far resembles the amyloid material ; 
bnt differs in not being coloured by iodine alone. The 
same is true of cholesterin; this also gives a reddish- 
brown with sulphuric add, but is not altered by iodine. 
To starch, the resemblance is not so marked as to the two 
X>receding substances : with this, iodine produces a blue 
colour without the addition of the acid. 

The amyloid substance almost invariably makes its 
appearance first in the small arteries and capiUaries, and 
subsequently extends from them to the surrounding tis- 
sues. The cells of the intima and of the muscular coat- 
are the first to become infiltrated, then the remaining 
structures of the artery. When the vessels have become 
infiltrated, the amyloid matter extends to the immediately 
surrounding parts ; it invades both the cells and the 
intercellular substance, and may gradually extend until 
the whole organ is completely impregnated. 

The changes produced in the tissues by this infiltration 
are very characteristic. The cells as they become filled 

Fig. 15. 




Liver Cells infiltrated with the Amyloid Substance, 
a. Single cells. 6. Cells which have coalesced. 
X 300. (Rindfleisch.) 

with the new material gradually increase in size ; they 
lose any irregularities in their contour, and become 
rounder and more regular in shape; their nuclei dis- 
appear, and the whole cell is converted into a structure- 
less homogeneous body, which has a peculiar translucent 
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glistening appearance. (Fig. 15, a.) If the cells are in 
close contact many of them may coalesce, and their dis- 
tinctive boundaries thns become obliterated. (Fig. 15, b.) 
The intercellnlar substance in the same way acquires a 
homogeneous glistening appearance. The walls of the 
small arteries — in which, as already stated, the change 
commences — become considerably thickened, the cells of 
the muscular coat enlarge and ultimately coalesce, the 
calibre of the vessel becomes diminished, and the cir- 
culation . through it is consequently impeded. (See 
Fig. 17.) 

Organs in which this change is at all advanced, present 
features so characteristic that its nature can be readily 
recognised by the naked eye. They are usually consider- 
ably increased in size ; their absolute weight is increased, 
and also their specific gravity ; their surface is smooth, 
and the capsule tense and stretched ; their consistence is 
firm and somewhat elastic. On section they exhibit a 
pecular homogeneous, glistening, translucent appearance, 
somewhat resembling wax or glue. Owing to the dimi- 
nished calibre of their blood-vessels and to the pressure 
exercised by the new material, they contain but little 
blood, and hence are always pale in colour. The change 
may involve the whole organ, or it may be limited to 
certain portions. In the spleen, for example, it is fre- 
quently limited to the Malpighian corpuscles ; and in the 
liver, to the ceUs in the more immediate vicinity of the 
hepatic artery. 

Although the above characters are often sufficiently 
marked, they should always be confirmed by the applica- 
tion of iodine to the cut surface of the organ. In slighter 
degrees of the afiection — when the physical characters 
are bnt little altered — the application of this reagent 
becomes necessary in order to discover the presence of the 
new substance. In these cases, merely pouring the solu- 
tion over the organ will often fail to produce t\ie c\iaLtac- 
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teristic staming ; and it will be necessary to make tliin 
sections with a Valentin's knife, and wash them 
thoroughly with water to remove the blood, before the 
reaction can be obtained. In the earliest stages of the 
change the use of the microscope may be necessary for 
its recognition. 

The effect of amyloid degeneration is to impair or even 
to completely destroy the nutrition and function of those 
organs which are affected by it. This is owing to two 
causes — the obstruction offered to the circulation, and the 
direct influence of the new material upon the parenchyma 
of the organ. The obstruction to the circulation, which 
results partly from the diminution in the calibre of the 
small arteries, and partly from the general pressure exer- 
cised by the infiltrated substance, causes an insufficiency 
in the supply of arterial blood. As a consequence of this, 
secondary atrophic changes are induced in various parts ; 
the cells may atrophy and undergo fatty metamorphosis, 
which indeed is frequently associated with the amyloid 
change. The vitality of the cellular elements is still 
further impaired by their infiltration with the new ma- 
terial, and thus all manifestations of their functions may 
ultimately cease. 

As this form of degeneration is almost invariably 
secondary to some grave constitutional state, it can rarely 
be looked upon as in itself a cause of death, although it 
may materially hasten, and even determine the fatal 
termination. 

Having thus described the nature of the amyloid sub- 
stance, and the way in which it makes its appearance in 
the several tissues of an organ, it remains to consider the 
source from which it is derived. The disease, as already 
stated, appears to be an infiltration, and to consist in the 
deposition of a new material from the blood in the various 
tissues and organs. The existence, however, of any albu- 
minoid substance in the blood which resembles amyloid 
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in its reaction with icniine, has never been made out, even 
in the most marked cases of the disease. This fact mnst 
therefore negative the supposition that it is a simple 
infiltration. If the new material be derived from the blood 
at all, it mnst nndergo some chemical change subsequently 
to its deposition in the tissues. Dr. Dickinson considers 
that it is dealkalised fibrin, which is deposited in conse- 
qnence of the loss of the alkali which it normally contains. 
This loss of alkali he attributes to the chronic suppuration 
which usmilly precedes the disease, pus containing large 
quantities of potassium and sodium salts. He conse- 
quently terms the disease ** depurative infiltration.'"* 
Whether this be so or no, it is probable that some ab- 
normal condition of the blood is the cause of the disease, 
and that the change itself consists in the retention and 
coagulation in the tissues of some albuminoid substance 
which is derived from the nutritive fluids. The way in 
which the several tissues of an organ are affected, the 
change almost invariably commencing in the small nu- 
trient blood-vessels, and extending from them to the sur- 
rounding parts ; the general character of the affection, 
several organs being simultaneously involved; together 
with the fact that it is almost invariably secondary to 
chronic suppurative diseases — point to some alteration in 
the composition of the blood as the cause of the degene- 
ration. 

AMYLOID DEGENEBATION OF THE LIVER. 

The liver is one of the most frequent seats of the 
amyloid change, and here, as in other parts, it probably 
commences in the small nutrient blood-vessels, although 
the alterations are much the most marked in the hepatic 
cells. The minute branches of the hepatic artery are first 
affected, and from these the infiltration gradually extends 

• " Medico-Chirurgical Transactions," vol. 1. 



78 NUTEITION IMPAIRED. 

tu the hepatic cells immediately adjacent, until nltimatelj 
the whole organ may become involved. 

If a liver be eiamined in the earlier utagee of the a2ec- 
tiOD, and the iodine eolation applied to thin washed seo- 
tions of the organ, it will be foand that the characteriBtie 
ataining ie limited to certain portions of the lobnles — viz., 
to those which are Hitnated between their external and 
central parts. This intermediate portion corresponds 
with the distribntion of the hepatic artery, and the rami- 




of oae lobnle, ehowiiig the 
hepatic cells, and the greater 

mure external portlOD of the lobule nre seen several fat 
ckIIs, a certaiD amount of fatty infiltration being aaaociated 
with the amyloid change, c. Hepatic vein. » 100. 

fications of thia vessel together with the hepatic cells 
situated in their vicinity are the lirst to become affected. 
(Fig. 16.) As the change advances the whole lobnle may 
ultimately become involved. The alterations in the hepatic 
colls are very characteristic. They are much enlarged, 
irregular in outline, their nuclei aro imperceptible, and 
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many of them are foaed together into irregular-shaped 
masses. (See Fig. 15.) 

The earliest seat of the amyloid change thus differs 
from that of the fatty. In &tty infiltration it is the most 
external portion of the lobnle in which the fat first accu- 
mulates — ^that which corresponds with the distribution of 
the portal vera. (See Fig. 7.) It differs also ^m that 
pigmentation of the hepatic ceDs resulting from me- 
chanical congestion, which takes place in the most central 
portion, around the hepatic vein. (See " Nutmeg lirer.*^) 
Thus in each hepatic lobule three zones may be distin- 
guished: — an external one, which is the chief seat of 
the fatty change; a central one, which is the duef seat 
of the pigmentary change ; and an intermediate one, which 
is the chief seat of the amyloid change. These three zones, 
indeed, may firequently be recognised by the naked eye, 
the pale opaque external one contrasting strongly with 
the intermediate one which is translucent, and with the 
darker central one. In the ^most advanced stages of the 
disease, however, both the external and central portions 
of the lobule may become involved, and the cat surface 
present an almost uniformly homogeneous appearance. 

The amyloid liver is increased in size, often very con- 
siderably so ; it may be so large as almost completely to 
fill the abdominal cavity. The enlargement is uniform, 
and hence the natural configuration of the organ is but 
little altered- Its weight is increa.sed, and also its specific 
gravity. Its edge is rounded, the surface is smooth, and 
the capsule appears tense and stretched- The consistence 
is firm and elastic. The cut surface is dry, bloodless, 
smooth, translucent, and waxy-looking, and of a pale 
reddish-grey or dirty yellow colour. If the change is very 
far advanced, the tissue may be perfectly homogeneous, 
all distinction between the individual lobules being lost. 
In other cases the lobules are distinctly mapped out; 
they are enlarged, and the external zone may be oi 2^ 
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opaqne, yellowish-wliite colonr owing to tlie presence of 
fat. This association of the fatty and amyloid changes is 
exceedingly common. Amyloid infiltration does not ob- 
stmct the portal circnlation, and hence does not canse 
ascites. It impairs the vitaHty of the hepatic cells, and 
thns interferes with the functions of the organ. 

AMYLOID DEGENERATION OF THE KIDNEYS. 

The kidneys are very liable to be involved in the amy- 
loid change, and here it is the smaller blood-vessels which 
are more especially affected. It may constitute in them 
the primary lesion, or it may occur subsequently to 
inflammatory conditions implicating the secreting and 
interstitial structures. As a primary change it is an 
important variety of Bright's disease. 

The process commences in the tufts of vessels which 
form the Malpighian bodies, the walls of which become 
thickened by the infiltration of the new material, so that 
the tufts are increased in size. It then proceeds to the 
small afferent arteries, and ultimately to the vasa efie- 
rentia, and to the arteriolas rectas which run through the 
medullary portion of the organ. The changes produced 
in the vessels are very characteristic. Their walls are con- 
siderably thickened and their calibre is so much dimi- 
nished that the smallest ones cannot be artificially 
injected. This thickening of the walls of the vessels is 
mainly owing to alterations in their muscular coat, and 
especially to the cells of the circular muscular layer. 
These cells are much increased in size, fchey are more or 
less globular in shape, and many of them have lost their 
distinctive outlines. The longitudinal muscular fibres and 
the most internal coat of the vessel are often seen as one 
homogeneous, gHsteniug, structureless layer. (Fig. 17.) 
After the vessels have become infiltrated, and before 
those in the pyramids are affected, the deposition extends 
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to the intertubular tissnes of the cortex, into whict the 
amyloid snbstance is poured, imhodding the tnbnli iiriiii- 
feri in its course. In some parts it appears that the 
emdation takes place into the tahes themselves as the 
caste which thej coatain are occaaiouaUj' deeplj stained 




Amstola Dfgeaeratlim of a Malplgliiaji Tuft and imall 
Arierff of the Kidney. Bhoniag the thickeniug of tbe whIIb 
of the TsBse], tbe eulai^meat of the cells of the circular 
moscuUr coat, and the homi^eDeouB lajer formed by the 
intima and longitudmal muEcular fibrefl. x 20U, reduced \. 

by the iodine solution: this, however, is far from being 
frequently the case. In the earlier st^es of the process — 
if the organ is not the seat of any other morbid change — 
the tubes and their lining epithelium present a perfectly 
natural appearance. Many of them contain pale hyaline 
casts, which also appear in the urine. These, however, 
are probably simply exudation products ; although from 
the reaction they occasionally exhibit, it appears that 
they sometimes consist of the same material as that 
which i>ermeates the vesMeh and intertubular strnotnreH. 
Aa the change proceeds, and the new material increaees 
in amount, the tubes become compressed, and in ma'Q'^ 



80 NUTRITION IMPAIEED. 

places completely obstmcted. If the compression is not 
uniform, tliej may dilate and form small cysts. The 
epithelium, which was at first normal, owing to the in- 
terference with its nutrition, ultimately atrophies and 
undergoes fatty changes. In some cases it appears to he 
the seat of a catarrhal process, and the tubes are found 
blocked with epithelial products. There is also not in- 
frequently an increase in the intertubular connective 
tissue. 

The first effect of this change is to obstruct the circu- 
lation in the cortex. The blood-vessels, diminished in 
calibre, allow little but the liquor sanguinis to pass 
through them, the passage of the blood- corpuscles being 
to a great extent prevented: hence the pallor of this 
portion of the organ. The arterial walls are so altered 
that fluids and albumen readily permeate them ; and 
thus is produced the large quantity of urine, loaded with 
albumen, which characterises the earher stages of this 
affection. As the infiltration increases, and the tubes 
become obstructed, the urine diminishes in quantity. The 
excretion of urea is less interfered with than in other 
forms of Bright's disease, and hence symptoms due to its 
retention seldom occur. Tube casts are rarely numerous ; 
they are for the most part hyaline or finely granular, 
though sometimes they are covered with fatty epithelium. 

In the earlier stages of the affection, the cortex of the 
kidney is merely rather paler than natural, and perhaps 
somewhat firmer in consistence; but otherwise it pre- 
sents no abnormal appearance. It is only upon the appH- 
cation of iodine to the cut surface, or to thin washed 
sections of the organ, that its diseased condition becomes 
evident. When this test is employed, the Malpighian 
bodies at once become apparent as minute red points 
scattered through the cortex. As the disease advances, 
the size of the organ increases ; the enlargement, how- 
ever, is principally confined to the cortex. The surface is 
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smooth* and the capsule separates readily. The enlarged 
cortex is remarkably pale and ansBmic, and has a peculiar 
translucent, homogeneous« wax-like appearance. Its con- 
sistence is hard and firm. A few scattered vessels may 
be seen on the surface, and the bases of the pyramids 
sometimes exhibit an increased amount of vascularity. 
If iodine be poured over the cut surface, the Malpighian 
bodies and the arteries of the cortex become mapped oat 
almost as clearly as in an artificial injection. The enlarged 
Malpighian bodies may indeed usually be seen as glisten- 
ing points before the iodine is allied. Frequently, the 
homogeneous appearance of the cortex is interrupted by 
minute, opaque, yellowish-white lines and markings; 
these are produced by the fatty changes in the epithelium 
of the tubes, which so commonly occur in the later stages 
of the affection. Ultimately, the capsule may become 
more or less adherent, and slight irregular depressions may 
make their appearance upon the surface of the organ i 
the latter are due to atrophic changes in some of the 
tubes. If, as is not unfrequently the case, the infiltration 
is associated with an increase in the intertubular con> 
nective tissue, the atrophy of the organ will be more 
marked. (See " Interstitial Nephritis.") 

AMYLOID DEGENEKAXION OF THE. SPLEEN. 

Amyloid degeneration of the spleen is met with in two 
forms — one in which the disease is limited to the Mal- 
pighian corpuscles (" Sago Spleen"), and the other in 
which the pulp appears to be chiefly implicated. The 
former is much the more common condition. In it the 
Malpighian corpuscles become infiltrated with the amyloid 
substance and converted into translucent wax-like bodies, 
much like boiled sago: — ^hence its name. The process 
commences in the small arteries of the corpuscle, and it is 
only after these have become infiltrated that it extends to 
the corpuscles themselves. The small lymphatic ceW^ oi 
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vhict tile coipnsdl ia .tnada ap ^ thm involved in tlie 
lApcaMt Ik? increaM In ^ffc, becone mora irregnlar 
. is onlline, many c^ thnn coalesce, and ultdmatelj the 
ffhule w c(%verted jnto a pale, Srm, i|ansliicent„j^tenin)i 
mau. (Fig. 18.) 

¥»■ 18. 




D&t splenic tisane b. Showing 
uiB mcresse m size, Bjid in man]^ putflj the c(«IeB- 
cence of the cells, of which the corpuscle is composed. 
x-iOO. 

Tlie Bago spleen is more or leas enlarged ; ita weight 
and densitj are bIbo increased. The cat anrface ia smooth, 
diy, and stadded all over with small gUatening sago-like 
bodies, varjing in size from a millet to a hemp-seed, 
which are stained a reddish-brown colour by the iodine 
Bolntion. These ma; become so large as to occnpy a 
large portion of the organ, although in earlier stages of 
the affection thej are so minute that thej can onlj be 
seen in thin sections of the tissue. 

In the other variety of amyloid spleen, the pulpy paren- 
chyma between the corpuEcles la infiltrated with the new 
material. This is probably merely an advanced stage of 
the former condition, in which the disease extends from 
the corpuscles to the surrounding pnlp ; the whole organ 
being nltimately involved. Under these oircumatances 
the organ often attains a conaiderable size, mnoh larger 
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than is met wifli in the lagfo spleetf. It is refeaarkably 
hard and firm, and the cafiule is tense and ilraai^>aaeBt. 
On section it presents a dry, homogeneons, translucent^ 
bloodless surface, of a uniform dark reddish-JirowB eolour. 
Thin sections can he readily made with a knife, the organ 
cutting like soft w%x. The ^eorpusdes are not visible as 
in the former ys^ty, being probably obscured by the 
surrounding pulp, winch has become so densely infiltrated 
with the an^loid substance. 

A3CTL0ID DE&ENEKA.TION OF LTICFHATIC GLAl^bS. 

In the lymphatic glands the process much resembles 
that in the spleen. The small arteries in connection with 
the follicles of the gland are the earliest seats of the 
change ; and from these it extends to the lymphoid cells. 
The follicle thus becomes ultimately converted into a 
small homogeneous mass. 

The glands are enlarged, and on section the minute 
wax-like bodies can often be seen scattered thiough 
the cortex. The cut surface is smooth, pale, and trans- 
lucent. 

As these glands are largely concerned in the formation 
of the blood-corpuscles, their implication in the amyloid 
change must to a large extent aid in producing the 
emaciation and anaamia which characterise this affection. 
The same is true of the spleen, which is usually 
simultaneously involved. 

AMYLOID DEGENEBATION OF THE ALDIENTART CANAL. 

The whole of the alimentary tract may be the seat of 
the amyloid change, and here it assumes an important 
aspect from the deleterious influence which it exercises 
upon the absorbent and secreting processes, and from the 
consequent impairment of the general nutrition which 
results. The disease, however, in this situatioii is very a'^Xt 

Q 2 
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to escape observation, as it produces but Httle alteration 
in the appearance of tbe parts. The mncons membrane 
may look somewhat pale, translucent, and OBdematons, 
but otherwise to the naked eye nothing is discoverable. 
It is only upon the application of iodine to the washed 
mucous surfaces that the nature of the change becomes 
apparent. In the small intestine — ^which is perhaps the 
part most commonly affected — ^the effect of the applica- 
tion of iodine is very characteristic. A number of small 
reddish-brown points appear over the whole surface of 
the m€imbrane ; these correspond to the intestinal villi, 
the arteries and capillaries of which are infiltrated with 
the amyloid substance. In the stomach and oesophagus 
the vessels are mapped out in a similar manner by the 
iodine solution. The change in the intestine gives rise 
to serous diarrhoea, this being probably due to an in- 
creased permeability of the infiltrated walls of the vessels. 

THE COEFOBA AMYLA.CEA. 

The corpora amylacea or " amyloid bodies," so fre- 
quently met with in the nervous system, in the prostate, 
and in other parts, have usually been looked upon as more 
or less allied to the amyloid substance ; there appears, 
however, with the exception of a certain similarity in their 
behaviour with iodine and sulphuric acid, to be no con- 
nection between them. 

They are round or oval bodies, formed of a succession 
of concentric layers, and are often changed to a deep blue 
colour by iodine, thus bearing both in their structure and 
chemical properties the strongest resemblance to granules 
of vegetable starch. (Fig. 19.) Sometimes, however, 
the blue is only exhibited after the subsequent addition 
of sulphuric acid, and thus a resemblance is shown to the 
amyloid substance. They vary in size from microscopic 
granules, to bodies which are distinctly visible to the 
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naked eye ; sometiines being as much as one or two lines 
in diameter. The larger ones are usnally formed by the 
conglomeration of the smaller 
granules, which are often en- ^^* ' 

closed by a common envelope. 
They occur especially in 
conditions of atrophy or soft- 
ening of the nervons system; 
the ependyma of the ventri- 
cles, the white substance of Corpora AmylacetBfrom the 
.,,.., , . 1 -i Prostate. (Virchow.) 

the brain, the choroid plexns, 

the optic nerve and retina, and the spinal cord« being their 
favourite seats. The larger forms are met with most 
frequently in the prostate. The prostate of nearly every 
adult contains some of these bodies ; and they may accu- 
mulate here to such an extent as to form large concretions. 
They are also occasionally met with in the lungs, and in 
mucous and serous membranes. 

As has been said, they usually exhibit a bright blue 
colour upon the application of iodine alone, although in 
some cases not until the subsequent addition of sulphuric 
acid. Many of them, however, are coloured green, or 
even brown by these reagents. The green is due to their 
admixture with nitrogenous matters, which give a yellow 
colour with iodine, and hence the combination yields a 
green. The greater the amount of nitrogenous matter 
the more brown does the colour become. 

From the laminated structure of these bodies they 
would appear to be formed by the gradual precipitation 
of some material, layer by layer, upon the surface of 
pre-existing particles. The nature of the material, how- 
ever, does not appear to resemble that of the substance 
whicb infiltrates the organs in amyloid degeneration. 
The two processes are so essentially different, both in the 
circumstances under which they occur and in the cha- 
racters and seat of the morbid products, that tliey canncA) 
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be looked npon as in any way analogous. Amyloid 
degeneration is a general cliange, in whicli nnmerons 
organs become infiltrated with an albuminoid substance, 
whereas the formation of the corpora amylacea is evi- 
dently of a local nature. The latter is often preceded 
by those local atrophic changes associated with advanced 
life, and appears to consist in the deposition of some 
starch-like material, probably liberated in the tissues 
themselves, upon any free body which may exist in its 
vicinity. 

The corpora amylacea, especially those occurring in 
the choroid plexus and in the lateral ventricles, are very 
liable to become calcified, and they then constitute one 
form of " brain sand«" which is so often met with in these 
situations. 



CHAPTER VIII. 

CALCAEEOUS DEGENERATION. 

ALCABEOUS Degeneration — or, as it is more commonly 
iUed, Calcification — consists in the infiltration of the 
asnes with calcareous particles. Physiologically, an in- 
Itration of calcareous particles takes place in the f orma- 
ion of bone, in which lime and mag^esian salts are depo- 
Ited in the fibrous or cartilaginous matrix. This physio- 
>gical is precisely similar to the pathological process. It 
I important, however, to distinguish simple calcification 
*om ossification. In the latter there is not only a depo- 
tion of lime salts, but an active change in the tissue 
self — a proliferation of the cellular elements, an intimate 
oion of the calcareous matters with the tissue, and the 
>rmation of a true osseous structure in which the cal- 
ureous particles are not visible. Calcification, on the 
tiher hand, is a purely passive process, there is no in- 
reased nutritive activity of the part, no multiplication 
I elements, no alteration of the structure, but merely an 
ifiltration with calcareous particles. 
An infiltration and deposition of calcareous substances 
3cur8 under two opposite conditions; one — in which 
lere is an absolute increase in the amount of these con- 
dtuents in the blood, and a portion of the excess becomes 
^posited in the tissues ; the other — in which there is no 
ich increase, but the deposition takes place owing to 
>me alteration in the tissue itself. 
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An absolute increase of the saline constituents in the 
blood, and the deposrtdon of the excess in the tissues, is 
much the less frequent form of calcification. It occurs in 
some forms of softening of bone, especially in extensive 
caries and osteomalacia. In these diseases the lime salts 
are removed from the bone, returned into the blood, and 
some of them deposited in other tissues. In such cases 
the calcification is usually more or less general — ^many 
organs being simultaneously involved. In osteomalacia, 
it is not uncommon to find the kidneys, the lungs, the 
stomach, the intestines, and even the dura mater and 
liver, infiltrated to a greater or less extent with lime salts. 
The deposition commences in the tissue immediately 
surrounding the blood-vessels from which the calcareous 
matters are derived ; — ^thus, in the lungs, the seat of the 
change is the interlobular tissue; in the stomach, the 
stroma between the glands ; and in the kidney, the tubuli 
uriniferi and the intertubular tissue. Precisely analogous 
to this form of calcification is the deposition of the 
excess of urate of soda which takes place in gout. 

In the great majority of cases, however, calcification is 
a local change, depending not upon any alteration in the 
composition of the blood, but upon changes in the tissues 
themselves, owing to which some of the saline matters 
which are normally held in solution in the blood are de- 
posited in them. The alteration in the tissues consists 
in some impairment of their nutrition, associated with a 
diminution in their amount of blood, and a retardation of 
its circulation. All those ^on^tions which tend to pro- 
duce atrophic and retrogressive changes in a part, and at 
the same time to interfere with the circulation in it, are 
liable to be followed by its calcification. Inflammation, 
rapidity of growth, diminished nutritive supply, and 
general impairment of vitality, may all of them give 
rise to this process. This is seen in the calcification of 
atheromatous arteries, of caseous masses in the lungs 
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and Ijmphatie glands, of uuuij new formatioiis, and <d 
the blood-vessela and eartilageB in old people. In ita 
morbid antecedents citlcification thDB eamewlut resemblea 
httj- degeneTwUon, and its pathological signification ia in 
man; cases eqnallj difficult to determine. F&tty dege- 
nerataon indeed very frequently precedes the calcification, 
whicli ie Toerely a later stage of the retrograde process. 

Bespecting tiae caase of the deposition of the calcareons 
snbetuices in the atrophied strnctniea— it is probably 
partly owing, as stated by Bindfleisch, to the stagnation 
of the nntritiTe fluids in the part, owing to whidi the free 
CMbonic add which appears to hold the salts hi solution, 
eecapes, and Uiey are consequently precipitated; and 
partly to the non-assimilation of these fluids by the dege- 
nerated elements of the tisane. 

The calcuvons particles make their appearance both 
witlnD the cells and in the intercellalar substance ; they 
are mnch more freqnent, however, in the latter situation. 
They are seen at first aa fine molecules scattered irregu- 

Fio, 20. 




A Caki/led 6 .-. _ 

Eoiniite c^careoDB particles BCIttterad throngh tt 
tercellnlar sutnlsoce. To the left of the figure they 
>re so ftbouduit u M almost completely obgcare the 
cells. "200. 

larly throngh the intercellular substance. (Fig. 20.) 
Iliey are characterised, when viewed by tranBimlWk. 
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hgkt, by iheir opacity, dark black colonr, and irregalar 
ontline, and also by their solubility in dilute mineral 
acids. They gradnaUy increase in number nntil nlti- 
amtely large tracts of tissne may be converted into an 
opaque calcareous mass, in which the cells are enclosed 
and can no longer be recognised. These larger masses 
have a sharp black irregular outline, and when the calci- 
fication is complete, acquire a homogeneous, glistening, 
semi-transparent appearance. The cells themselves are 
much less frequently infiltrated, being usually merely 
enclosed and obscured by the calcified intercellular sub- 
stance. Calcareous particles may, however, make their 
appearance in the cell-contents, and gradually increasing 
convert the cell into a homogeneous calcareous body. 

The calcareous matters consist for the most part of 
lime and magnesian salts, especially the phosphates and 
carbonates. If the latter are present, the addition of a 
little dilute hydrochloric acid is followed by the appear- 
ance of numerous minute air bubbles in the tissue, owing 
to the liberation of carbonic acid. In those cases in which 
calcification is associated with retained gland secretions, 
the calcareous matters will consist of the specific gland 
salts. 

A part which has become calcified undergoes no further 
change, its vitality is completely destroyed, and it remains 
as an inert mass. In this respect calcareous differs from 
fatty degeneration. In the latter, subsequent changes in- 
variably take place ; the part either softening, caseating, 
or becoming the seat of calcification itself. It differs also 
in its effect upon the tissue. The structure of the affected 
part is not destroyed, and there is no annihilation of his- 
tological elements, such as occurs in fatty degeneration. 
The tissue is simply impregnated with calcareous matters, 
which have no other effect upon it than to render it inert ; 
its vitality is destroyed, but its structure — in so far as the 
calcification is concerned — remains unaltered. If the 
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saline matters are dissolved ont witli a little dilate mi- 
neral acid, the stractnre of the part may be again recog- 
nised, unless, indeed — as is often the case — it has bean 
destroyed by any antecedent change. 

Calcification mnst thus be looked npon in many cases 
as a salutary lesion, the impregnation with calcareonB 
matters preventing subsequent changes in the part. This 
is especially the case when it is secondary to other forms 
of degeneration. It is the most favonrable termination 
of the large class of fatty changes, as is exemplified by 
the caldfication of many inflammatory products, and of 
many new formations. It may, on the other hand, 
under certain circumstances, be attended with most dele- 
terious consequences, as is the case when it afEects the 
arterial system. 

CALCIFICATION OF ABTEBIES. 

Calcification of arteries, like fatty degeneration, may 
be a primary or secondary affection. As a secondary 
change it constitutes one of the terminations of the athe- 
romatous process, and as such is constantly met with in 
the aorta and its branches, and in many other situations. 
(See " Atheroma.") 

Primary calcification is much less frequent than that 
which occurs in atheromatous vessels. It is essentially a 
senile change, and is the result of that general impair- 
ment of vitality which exists in advanced life. It is asso- 
ciated with atrophy of the arterial tissues, and in some cases 
with fatty degeneration. As it is greatly dependent upon 
general malnutrition, the change is a more or less general 
one, and when occurring in one part is met with in others. 
It usually occurs in vessels of medium size, the arteries 
of the upper and lower extremities and of the brain being 
those most conunonly affected. Its most common seat is 
the middle coat, where it commences in the muscular- 
fibre cells. The calcareous particles make their appetbT- 
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ance at first around and witliinthe nnclenB, andgraduallj 
increase nntil they fill the cell, which becomes converted 
into a small calcareons flake. The process may go on 
nntil the mnscnlar coat is completely calcified, or it may 
be limited to isolated portions of the coat, giving rise to 
numerous calcareous rings and plates which are irre- 
gularly distributed throughout ifc. From the muscular, 
it may extend to the external and internal coats until 
ultimately the vessel becomes calcified throughout. 

The vessel thus calcified, loses its elasticity and con- 
tractility ; its lumen is diminished, and it is transformed 
i^to a hard, rigid, brittle tube. This condition is exceed- 
ingly common in the external iliac and in the vessels of 
the lower extremity, where it is a frequent cause of senile 
gangrene. (See " Senile Grangrene.") 



CHAPTER IX. 

PIGMENTARY DEGENERATION. 

PiGMENTABT Degeneration, or Pigmentation, consists in 
an abnormal formation of pigment in the tissnes. All 
true pigments are derived from the colouring matter of 
the blood. Phjsiologicallj, many of them are eliminated 
by the kidneys and liyer; others are deposited in the 
tissues, and there remain permanent. The choroid coat 
of the eye and the skin of the negro, are well-known 
examples of tissnes in which there is this permanent ac- 
cumulation of pigment. The cells in these situations 
appear to be endued with a special power to abstract the 
colouring matters from the blood, and to store them up 
in their interior, where they undergo certain chemical 
changes and become converted into pigment. . 

In the pathological process also, the pigment is derived 
from the same source, although its presence in the tissues 
is rarely dependent upon any abnormal secreting powers 
in their cellular elements, but is usually the result of 
certain changes in the circulation or in the blood-vessels, 
owing to which the colouring matter of the blood escapes 
and infiltrates the surrounding parts. This escape of 
haemoglobin may be owing to rupture of the vessels 
themselves, or to conditions of congestion or stasis in 
which the blood-corpuscles and liquor sanguinis pass 
through their walls. In either case the haemoglobiii mW. 
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permeate the tisenes and nltimatelj be coofierted into 
pigment. Baptore of the Teasels and the direct extrava- 
sation of blo6d, is, however, the most common antecedent 
of the pigmentary change. Soon after the extravasation 
has taken place, the haemoglobin escapes from the red 
blood-corpuscles, either by exudation or by destmctibn 
of the corpuscle, and mixed with the liquor sangoinis, 
infiltrates the surrounding tissues. In other cases it 
escapes without any solution of continuity in the walls of 
the vesseL This frequently occurs in conditions of in- 
flammatory stasis and mechanical congestion, in which 
serous exudation takes place into the tissues, and the 
hasmoglobin is liberated from the blood-corpuscles within 
the vessels, from which it transudes, dissolved in the 
liquor sanguinis. Lastly, the red corpuscles themselves 
may pass through the walls of the capillaries without 
rupture having taken place. In whichever of these ways 
the solution of haemoglobin is derived, it infiltrates the 
tissues, staining both the cells and the intercellular sub- 
stance a yellowish or brownish-red colour. It is taken 
up, however, more readily by the cells than by the inter- 
cellular substance or by membranous or fibrous struc- 
tures ; and it stains only the protoplasm, the nucleus and 
cell- wall remaining unaltered. 

After the colouring matter has remained for some length 
of time in this diffuse form, it undergoes certain changes : — 
it becomes darker and more or less granular, minute red- 
dish-brown or black granules and crystals make their 
appearance both in the cells and in the intercellular sub- 
stance, and these may gradually increase and form larger 
masses. This change in the extravasated haemoglobin is a 
chemical one, and the substance into which it is converted 
is hcematoidin, Hsematoidin appears to be closely aUied 
to the colouring matter of the bile, cholepyrrhin, which is 
also a derivative of haemoglobin. It exhibits similar reac- 
tions when treated with concentrated mineral acids, dis- 
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playing ihe saEod yariatioiis of green, bhie, roee, and 
yellow colours. It is insoluble in water, alcohol, etlier, 
and in dilute mineral adds and alkalies ; it is soluble in 
the caustic alkalies giving a red colour. It contains more 
carbon than haemoglobin ; and it also contains iron. 

The granules of hsematoidin vary in size from the 
smskllest particles to masses as large as a red Uood-cor- 
puscle. The larger ones are round, or more commonly 
irregular in shape, and have a sharp defined border. 
Their colour varies from yellow, red, and brown, to black. 
These variations appear to depend upon the age of the 
granules and the tissue in which they are formed; the 
older they are the blacker they become. The smaller 
granules are usually dull and opaque ; the larger ones, 
however, often present a more or less glistening s^ppesa- 
ance. (Fig. 21.) The crystals of hsematoidin are oblique 

Fig. 21. Fio. 22. 





Cells containing pigment. Uitmatcndin crystals. 

From a melanotic sarcoma of ( Virchow.) 

the liver, x 350. 

rhombic prisms, usually of a beautiful yellowish-red or 
ruby-red colour, sometimes approaching to brown or 
black. They may also occur as little plates and fine 
needles, but these are less common forms. (Fig. 22.) They 
are in most cases so small that considerable care is re- 
quired to recognise their crystalline nature under the 
microscope, and they may easily be overlooked as merely 
irregular granular masses, Jn some cases, however, W^ 
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attain a larger size. Tliey are more ox less transparent, 
and present a sliinmg strongly refracting sorface. 

Wlieiher the h»moglobin is conyerted into granular or 
crystalline h»matoidin appears partly to depend upon 
the tissne in which it is situated, the crystals being ex- 
ceedingly common in some situations, as in the brain and 
ovaries, whereas in others, as the lungs, only the granuks 
are met with. Both the granules and crystals are cha- 
racterised by their durability and by their great powars of 
resistance; when once formed they undergo no further 
change. 

Those forms of pigment — ^both granular and crystal- 
line — which are of an intensely black colour, have been 
supposed to consist of a substance which differs in che- 
mical composition from haBmatoidin, and which has been 
called melcmin. There appears, howeyer, to be no foun- 
dation for such a distinction. Melanin is probably merely 
haematoidin, which has become more or less altered by 
age. It is endued with greater powers of resistance, being 
less readily soluble in reagents than the more recently 
formed hsematoidin. 

Pigmentation, although one of the most common and 
universal forms of degeneration, is of comparatively little 
importance as a morbid process. The mere existence of 
pigment within and between the histological elements of 
the tissues, has in itself but little influence upon their 
vitality and functions. The atrophy and impairment of 
function which so frequently accompany it, must rather 
be looked upon as the result of those conditions upon 
which the formation of the pigment depends, than as in 
any way owing to the presence of the pigment itself. 

As evidence of other antecedent conditions, pigmentation 
assumes a more important aspect. The pigment being 
derived from extravasated hsBmoglobin, in whatever sitoa- ' 
tions it occurs, it is usually to be looked upon as the result 
of Bome alteration in the circulation or in the blood-vessels. 
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owing to.wHcli the escape of the colonring matter is per- 
mitted. Exceptions to this exist, however,, in the case of 
certain pigmented new formations, in which the presence 
of the pigment appears to be mainly owing to the selective 
power of the cells ; these, like those of the choroid, sepa- 
rating the colouring matter from the blood. It is those 
growths which originate in tissues normaUj containing 
pigment, as the choroid and rete mucosum, which are 
most frequently melanotic. (See " Melanotic Sarcoma.") 
In Melan^mia, again, the large quantities of pigment 
which exist in the blood, are the result of a local formation 
— ^for the most part by the spleen. Lastly, in Addison's 
disease, the pathology of the pigmentation of the skin is 
at present involved in obscurity. 

Pigment is often the only evidmice of a former ex- 
travasation^ This is frequently the case in cerebral 
haemorrhage, where the crystals of haamatoidin. may be 
all that remains to indicate that rupture of the capillaries 
has taken place. In the ovaries, also> the slight haemor- 
rhage which follows the escape of the ovum at each men- 
stmal period, is marked by the formation of pigment 
which constitutes the " corpus luteum." In mechanical 
congestion and inflammation^ again, the consequent pig- 
mentation may be the principal evidence of the former 
existence, of these conditions: this is especially seen in 
pigmentation of the mucous membrane of the stomach 
and intestines. The formation of pigment is thus, with 
the few exceptions above named, the result of some ante- 
cedent change in the blood-vessels or circulation ; and its 
presence in the tissues appears to be little more than a 
testimony to the existence of those processes upon which 
its formation depends. 

False Pigmentation. — There are certain forms of dis- 
coloration of the tissues which are not due to the presence 
of hsematoidin: these must be distinguished from true 
pigmentation. The most important of them, and that 
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whicli is most closely allied to the process already de- 
scribed, is the staining of the tissues with the colouring 
matter of the bile, which is itself a derivative of hsemo- 
globin, and is, as before stated, very analogous to hsema- 
toidin. This yellow staining may affect nearly all the 
tissues, constituting " jaundice ;" or it may occur in the 
liver alone, from local obstructions to the small bile-ducts, 
as is often seen in cirrhosis of that organ. In these cases, 
however, there is merely the staining of the tissues with 
the colouring matter of the bile, and no subsequent con- 
version of this into pigment. 

The discoloration caused by the long-continued use of 
the salts of silver must also be distinguished from true 
pigmentation : the colour here is due to the deposition of 
the silver in the tissues. The black colour of gangrenous 
parts, and that sometimes produced by the effdsion of 
large quantities of blood into the tissues, must again not 
be confounded with pigmentation. The discoloration in 
these cases is the result of the action of the sulphuretted 
hydrogen upon the colouring matter of the blood. The 
greenish-black discoloration so often seen on the surface 
of the liver, kidneys, and other abdominal organs after 
death, is in the same manner due to the intestinal gases. 
Lastly, the minute particles of inhaled carbon which are 
always met with in the lungs, must be distinguished from 
true pigment. 

PIGMENTATION OF THE LUNGS, 

In no organs is pigment met with so frequently and in 
such large quantities as in the lungs, and here much dis- 
cussion has arisen as to its nature and origin. The lungs 
normally contain more or less black pigment, the amount 
of which gradually increases with advancing age — the 
lungs of inftints and young children being almost free 
from it, whereas those of adults invariably contain it iu 
considerable quantities. 
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This normal pigmentation of the Inngs is principally 
due to the presence of carbon, and not to that of true 
hsematoidin-pigment. The carbon — ^which is derived from 
the incomplete combustion of wood, coal, and other sub- 
stances, and is always present in varying quantities in 
the atmosphere — ^is inhaled, and the minute particles pass 
into the finest bronchial tubes. Having entered the 
bronchi, many of them are taken up by the mucus- 
corpuscles, where they may be seen as small black gra- 
nules within the cells. These may readily be observed 
in the cells of the greyish-black sputum which is so fre- 
quently expectorated in the early morning. Much of the 
carbon thus inhaled is eliminated by expectoration; many 
of the particles, however, pass into the air- vesicles, and 
here their removal by this means being less readily 
effected, they gradually penetrate the pulmonary sub- 
stance, and make their way into the alveolar walls and 
interlobular tissue. It is in these situations that most 
of the pulmonary pigment is found, and there it may be 
seen either within the connective tissue-cells, or lying 
free amongst the fibres. (Fig. 23.) 

The means by which the particles of carbon penetrate 
the walls of the air- vesicles, and make their way into the 
inter-alveolar tissue has quite recently been explained by 
the researches of Dr. Klein on the histology of the lungs.* 
Dr. Klein finds that the branched connective-tissue cells 
of the alveolar walls send a process, or a greater or less 
portion of their body, between the epithelial cells of the 
alveolus into the alveolar cavity. As these connective- 
tissue cells lie in the serous canals which constitute the 
commencement of the perivascular lymphatics, it is easy 
to understand how these openings in the alveolar walls 
(pseudostomata) may become sufficiently distended to allow 



• "On the Anatomy of the Lymphatic System of the Lungs/' by 
Dr. E. Klein. "Proceedings Eoyal Society," No, 149. \^1\, 
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cells and other BnbstanceH to paae t^irongh tliem from tl 
aJTeolor cavity iato the inter-alYeolar tisaue. 




Ftgrnmlatloa of tke Lung, From it woman, nt. eiity-five, with 
Blight emphjBema. Showing the BitunUon of the pigment in the 
■JTeolar walls, and around the blood-vesEel p. x T5. 

Wlien once the carbon has made ita way into the inter- 
lobular tisane, some of it is taken np by the fiied cells in 
thia situation, whilst that which is not thus detained, 
paasea on to the lymphatica, and is deposited in the 
hroncbial lymphatic glands, where the black particlea are 
also viaible. 

Closely allied to this physiological pigmentation of the 
lung from the inhalation of carbon, are those morbid con- 
ditions which result from the inhalation of particlea of 
coal, atone, iron, and other aubatancos, — ot which the 
Jungs of miners, stonemasons, and griaders afford fre- 
quent examples. Here also minute particles enter the 
bronchi, penetrate the waUa of the alreoh, and ue de- 
posited principally in the interstitial tissue. In the 
case of minera— in which this ia moat common — the par- 
^tidea of coal enter the lungs in such large quantities w 
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to give to them a uniforni dark black colour. In stone- 
masons, grinders, &c., the Inngs also become deeply 
pigmented, although to a less extent than those of 
miners. 

The black colour of the lungs in these cases, however, is 
not entirely due to the presence of the inhaled substances, 
but partly to that of true haematoidin-pigment. The in- 
halation of the irritating particles sets up inflammatory 
changes in the bronchi and pulmonary tissue, causing 
chronic bronchitis, chronic lobular pneumonia, and a large 
increase in the fibrous tissue of the lungs, which thus ulti- 
mately become consolidated, excavated, tough, and fibrous. 
(" Colliers" and " Knife-grinders' Phthisis," &c) Owing to 
these structural changes there is a considerable escape of 
colouring matter, .either from rupture of the capillaries or 
transudation of serum, and hence a large formation of true 
pigment: and to this true pigment much of the dark 
colour of these lungs must undoubtedly be ascribed. The 
lungs of stonemasons and grinders are, like those of 
miners, deeply pigmented, although to a less degree, but 
the black colour in the former cases cannot be entirely 
accounted for on the supposition that it is due to the pre- 
sence of inhaled particles. 

Pigmentation of the lungs from the presence of haema- 
toidin occurs as the result of many other morbid condi- 
tions, many diseases of these organs being attended by 
the formation of pigment. In chronic phthisis, pigmen- 
tation occurs, partly as the result of the inflammatory 
process, and partly from the obstruction of the vessels 
caused by the new growth : — lines of pigment are con- 
stantly seen surrounding the nodules of consolidation. 
In acute croupous pneumonia, the blood which is extra- 
vasated into the air- vesicles, and which in the early stages 
gives to the expectoration a rusty or prune-juice colour, 
subsequently becomes converted into pigment, and the 
sputum becomes of a greyish-black ; the pigmeiL\.^^?ax3Xfc% 
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being visible in the newlj-formed cells. The cells met 
with in the spntmn of bronchitis also contain grannies of 
pigment (Fig. 24) ; and pigmentation plays an important 

Fig. 24. 




Cells from the sputum qf acute Bronchitis. Showing 
the minute granules of pigment within the cells. 
Some of the cells also contain a few fatty mole- 
cules. X 400. 

part in the condition of the longs known as brown indura- 
tion. (See " Brown Induration of the Lungs.") 

Pigment in the lung usually occurs as black irregular 
granules ; it is rarely met with in a crystalline form. In 
all cases in which it is found in any quantity in the lung 
it is also found in the bronchial glands. It is taken up 
by the lymphatics and, like the inhaled carbon, it becomes 
arrested in its passage through these glands, where it 
remains permanently. 
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CHAPTEKX. 

TISSUE-CHANGES IN PYREXIA. 

It is proposed in the present chapter to allade xerj 
briefly to those alterations in the tissues which are met 
with in certain pyrexial diseases, to which hare been 
applied the terms " parenchymatons" or " granular d^^- 
neration," " acute" or " dondj swelling." 

It is well known that in most diseases which are accom- 
panied by a considerable elevation of the bodily tempe- 
ratore, and especially in those in which the blood has 
undergone marked changes, the organs and tissues are 
found much altered after death. The diseases in which 
such alterations are most frequently met with are pyaemia, 
erysipelas, typhus, typhoid, and other acute specific (even, 
and acute rheumatism. They also occur in other diseases 
which are attended by considerable pyrexia; and the 
amount of tissue-alteration usually bears — cceteris paribus 
— a direct relation to the amount of the pyrexia. The 
organs in which the alterations are more especially marked 
are the liver, the kidneys, the heart and muscles, and the 
longs. 

The physical characters of the altered organs vary. It 
may, however, be stated generally that the organs are 
more or less swollen and opaque, somewhat diminished in 
consistence, and abnormally friable. Their vascularity is 
in some cases diminished, in others slightly increased. 
When examined microscopically^ the cellulaT elemexitft 2iX^ 
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found to be increased in rize, and their protoplaem 
markedly granular, ao that, in some cases, the nndeos is 
so much obacored aa to he indistingoiahable. (Fig. 25.) 

Fio.SE. 

^^^^^ 

Iflr'efr J^rtmt a ca^ t^ Acute Jthfumatiaa with 
W^ Temperalure. Bhowiug tbe swollen and 
^iiDuiiir condition of the liver-cells. Inmany 



The grannlar cottdiUon of the protoplasm appears in 
most cases to be due to albuminous particles, inasmnch 
as it disappears upon the addition of dilute acetic acid. 
Id other cases, however, in which the change is apparentlj 
more advanced, the granules are larger, insoluble in acetic 
acid, and ohviooHly fattj. 

The Lwer. — Here the change is uanallj met Vrith in its 
most marked degree. The organ is slightly enlai^d, 
abnormally soft and friable, and the cut-surface has a 
duU opaqne look, being paler than natarat The liver 
cells are swollen and granular, and in many cases contain 
fatty particles. (See Fig. 25.) 

The Kidneys. — In tbe kidneys the change affects espe- 
cially the cortex. This is swollen, opaque, and friable. 
The Malpighian bodies and the pyramids are nsnally 
^^normally Tasonlar, and thus contrast with the pale 
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cortex. The epitheliam in the tnbes of the cortex pre- 
sents the appearances above described. These are pre- 
cisely similar to those met with in the earlier stages of 
tnbal nephritis. (See Fig. 87.) 

The Heart. — ^The alteration produced in the heart con- 
sists in slight opacity, pallor, and diminution in the con- 
sistence of the muscular tissue. Under the microscope 
the muscular fibres are seen to have lost their distinct 
striation and to be finely granular. Such a condition 
must materially interfere with the contractile power of 
the organ. A similar change is met with less frequently 
in other muscles. 

The Lungs. — The change in the lungs has been described 
by Buhl as consisting in swelling of the alveolar epi- 
thelium. The epithelial elements are markedly granular 
from the presence of albuminous and fatty particles, and 
ihej become loosened from the alveolar walls. The 
change affects, more or less, the whole of both lungs. 
The organs are enlarged, cedematous, and abnormally 
friable.* 

Respecting the nature of the change — ^nothing is cer- 
tainly known. Histologically, it is precisely similar to 
that swollen and granular condition of protoplasm seen 
in the earlier stage of inflammation, as for example, in 
the renal epithelium, to which Yirchow has given the 
name of " cloudy swelling." The change is thus considered 
by some to be of an inflammatory nature. Other observers, 
on the contrary, regard it as a passive retrograde meta- 
morphosis. Dr. Wickham Legg produced the change 
artificially in animals by submitting them to a high tem- 
perature, and he, in common with some other pathologists, 
is inclined to look upon it simply as a result of high tem- 
perature. An exact knowledge of its pathology, however, 
must probably await further accurate experimental inves- 



Bahl, ** LuDgenentzilndiuig, Tuberkulose, mid Schwm^uci\iC 
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tigation. In the mean time, when it is borne in mind 
that it is especially liable to occnr in those pyrexias 
which are associated with marked alterations in the 
blood, and that in its extreme degrees the cells undergo 
fatty metamorphosis, it may be regarded as probable that 
its oocnrrence will be found to be due partly to inter- 
ference with the normal processes of tissae-oxidation, 
and partly to increased transformation of the protoplasm 
of the cells. (See "Greneral Pathology of Fatty Dege- 
neration.") 

Whatever be the nature of the change, there can be no 
doubt that it must very materially interfere with function, 
and that its supervention in the course of acute disease — 
especially when affecting the heart — ^must constitute a 
most important source of danger. 



CHAPTER XI. 

NUTRITION INCREASED. 

The morbid clianges thus far described, have been at- 
tended either by arrest or by impairment of nutrition ; — 
those remain to be considered in which the nutritive ac- 
tivity is increased. They include Hypertrophy and the 
New Formations. 

Hypeetrophy. 

Hypertrophy is an increase in the amount of a tissue, 
owing to an increase in the size, or to an increase in the 
number, of its histological elements. This increase, 
however, in order to constitute hypertrophy must affect 
those elements more especially upon which the peculiar 
functions of the part depend; in muscle, for example, 
the muscular fibres, in the kidney — the urine-tubes and 
blood-vessels. 

When this increase in the amount of the tissue is 
owing simply to an increase in the size of the elements of 
which it is composed, it is termed simple hypertrophy ; 
when to an increase in their number, and to the forma- 
tion of a new tissue, numerical hypertrophy, or hyper- 
plasia. The two forms of hypertrophy are thus com- 
parable with the two forms of atrophy: — ^in simple 
hypertrophy as in simple atrophy, there is merely an 
alteration in the size ; in numerical — an alteration in the 
number of the elements. 
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Hjpertroplij is in most cases the result of an increase 
in the functional activity of the tissue, this increased 
actinty being induced by a necessity for some increased 
manifestation of function ; in muscle, for example, in 
order to overcome some obstruction, in a secreting 
organ — ^to secrete more fluid. Such hypertrophies are 
consequently conservative in their nature, and they are 
usually spoken of &s functtorud hypertrophies. 

It is in muscular tissue that functional hypertrophy is 
most frequently met with. Examples of it are furnished 
by the hypertrophy of the muscles of the calf in ballet 
dancers ; also by the hypertrophy of a hoUow viscus from 
obstruction to the exit of its contents — ^as of the heart 
from obstruction at the valvular orifices or in the course 
of the circulation, of the muscular coat of the stomach 
in stricture of the pylorus, of the intestine above a per- 
manent stricture, and of the bladder in stricture of the 
urethra. The kidney also may become hypertrophied, owing 
to the loss or incapacity of its fellow. In bone, hyper- 
trophy of the fibula has been observed in cases of disease, 
or ununited fracture of the tibia. In all these cases 
the necessity for increased activity leads to increased 
development. 

In exceptional cases hypertrophy is not dependent 
upon an increase in the functional activity of the tissue. 
It may sometimes result from an increased supply of 
blood to a part, and there are some forms of hypertrophy 
which are congenital. 

The term " hypertrophy" is also frequently applied to 
those enlargements of organs which result from long- 
continued irritation ; as to enlargements of the lym- 
phatic glands, of the tonsils, and of the prostate gland. 
Such growths, however, are some of them inflammatory 
in their nature, others come more properly within the 
category of " tumours." 



CHAPTER XII. 

THE NEW FORMATIONS. 

Increased nutritive activity of a tissue — as has been seen 
in the preceding chapter — leads not only to the enlarge- 
ment of its component elements, but also to the production 
of new ones. It is this production of new elements, and 
the various structures to which they give rise, that con- 
Btitntes the ^NTew Formations. 

The New Formations comprise both infla/imncUory and 
non-^nfl^x^nmcUory growths. Of these, the latter — which 
include the various kinds of tumours, together with some 
growths to which the term " tumour " is not strictly ap- 
plicable — will be considered in the present part of this 
work, whereas the inflammatory growths will be treated 
of in the chapters on " Inflammation." 

Tumours — ^which constitute the greater portion of the 
non-inflammatory formations — are growths which, having 
attained a certain size, either remain permanent, or, more 
frequently, tend continuously to increase. In their deve- 
lopment and growth they are characterised by their inde- 
pendence of the rest of the body; they increase in size by 
virtue of their own inherent activity, which differs from, 
and is, to a great extent, independent of that of the 
surrounding tissues. 

There are, however, some non-inflammatory growths 
which cannot be regarded as ** tumours " in the ordinary 
acceptation of that term. Amongst these, for exaxa^Y^, 
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are the ntunerical hypertropliies described in the pre- 
ceding chapter, and the new growth of adipose tissue. 
The characterifllics of syphilitic growths again, and of 
cancerous infiltrations of organs, differ in some respects 
from what have been above described as those of 
tumours. 

The inflammatory new formations differ from the non- 
inflammatory in being caused by some irritation, upon 
the removal of which the process of growth usually ceases. 
They are characterised by their instability ; they either 
rapidly undergo retrogressive changes, or, at the most, 
form a tissue which in its structure and life is similar to 
that from which they originated. Their tendency is gra- 
dually to approximate to a healthy condition, and, not 
like that of the tumours, continuously to increase and 
deviate from the normal tjrpe- 

Whatever be the nature of the new formation it is always 
the direct product of the elements of a pre-existing tissue, 
these elements being in some cases migrated white blood- 
corpuscles. In order therefore to understand the patho- 
logy of the new formations, it is necessary to be intimately 
acquainted with the histology and mode of development 
of the normal tissues. 

Etiology of the New Foemations.* — As the new for- 
mations are the result of the increased nutritive activity 
of the elements from which they originate, it will be readily 
understood that their causes must for the most part be 
obscure, and that in many cases all that can be said is, 
that the new growth is the result of the s'l^ontaneous acti- 
vity of the elements from which it springs. Sometimes, 
however, the causes are either whoUy or partially ascer- 
tainable. They may be divided into constitutional predis' 
posing, and direct exciting, causes. 
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This, together with the* remainder of the present chapter, ap- 
plies only to the non-ii\flammatory growths. 
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Constitutional Predisposing Causes, — That many 
growths owe their origin to some constitntional taint, has 
long been an uniyersally accepted pathological doctrine. 
The constitntional canse has frequently been regarded as 
a general one, as consisting either in some alteration in 
the constitution of the blood, or in some abnormal condi- 
tion of the physiological processes throughout the entire 
organism. It was formerly supposed that many new for- 
mations were the result of an exudation from the blood- 
vessels, and that the elements of the growth were produced 
spontaneously in the exuded structureless blastema. Such 
growths were looked upon as the local expression of a 
vitiated constitution of the blood, — a dyscrasia. Although 
this hypothesis is now xmiversaUy abandoned, and all new 
formations are known to originate from pre-existing cellu- 
lar elements, an alteration in the constitution of the blood 
or in the performance of the physiological processes 
throughout the body, is still regarded by many as playing 
an important part in their causation. 

It is the malignant new formations which are thus 
supposed to owe their origin to the existence of a general 
constitutional taint. These growths are said to be of a 
constitutional origin, in contradistinction to the non- 
malignant growths which are looked upon as purely local. 
This hypothesis is principally based upon the clinical 
characteristics of the malignant growths — their tendency 
to recur after removal, their multiplicity, and the difficulty 
or impossibility of completely eradicating them. 

It is said that the development of malignant growths 
is frequently preceded by an unhealthy state of the con- 
stitution — a cachexia. In the majority of cases of malig- 
nant formation, however, there is no evidence of any such 
cachexia preceding the local growth. The individual is 
usually in good health at the time of the occurrence of the 
primary tumour. The general impairment of nutrition 
and emaciation, which constitute the cachexia., ^t^ 
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gecondary to the local growths, and are in direct 
proportioiQ to their extent and situation: — ^the more 
extended the local lesions, the greater the amount of 
discharge, the more the lymphatics and the digestive 
organs are inTolved^the more marked is the attendant 
cachexia. 

The multiplieitj of malignant growths is also adduced 
as an argument in £BkYour of the existence of a general 
constitutional taint. The £Act that malignant growths 
are firequentlj multiple^ constitutes in [itself no ground 
for such a conclusion. The multiplicity is for the most 
part a secondary phenomenon, the secondary tumours 
resulting firom infection by the primary one. Simple 
primary multiplicity is not so characteristic of malignant 
as of many other tumours — ^the lipomata, fibromata, se- 
baceous tumours, and warts, are all more often 'primarily 
multiple than cancer. Multiplicity in many cases is evi- 
dence rather of a local than of a general taint. In scro- 
fula, for example,' the lymphatic glands generally are 
prone to become the seats of new growth, and tumours 
are often multiple in bono without occurring in other 
tissues. In such cases there would i^pear to be a local 
rather than a general cause. 

The recurrence of the malignant growth after removal 
at the seat of the operation,, may again be owing to the 
removal having been incomplete, some of the proliferating 
elements of the growth having been left behind. The 
cellular elements of malignant tumours often extend into 
the adjacent tissues for some distance beyond the appa- 
rent confines of the txmiour, and as the physical characters 
of the infiltrated tissues differ in no way from those of the 
healthy, there are no means of certainly determining how 
far wide of the tumour the incision must be carried in 
order to include the whole of the affected structures. (See 
Malignancy.") A tendency to local recurrence is a 

iperty possessed by many growths, and it can be ex- 
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plained on local grounds without the necessity of admitting 
the existence of a general taint. 

Lastly, the fact that malignant growths are nsnally 
followed by the development of similar growths in the 
lymphatic glands and in internal organs, may in most 
cases be more readily explained — as will be seen when 
speaking of "malignancy" — ^by regarding these as the 
resnlt of infection by the primary tnmonr, than by as- 
scribing them to the existence of a common constitutional 
cause. 

The reasons already adduced in a preceding chapter (see 
** Introduction"), for considering all changes in the con- 
stitution of the blood as secondary to local causes, would 
appear of themselves to be sufficient to render untenable 
the hypothesis of a primary blood dyscrasis. Any ab- 
normal condition of the blood which may be associated 
with the development of malignant tumours must pro- 
bably be regarded as resulting either from the absorption 
of deleterious substances, from the entrance into it of the 
elements of the growth, from the drain of an attendant 
discharge, or from interference with the processes of di- 
gestion, assimilation, or secretion, or with the formation 
of the blood itself. At the same time it must be borne in 
mind, when discussing the possibility of the development 
of malignant growths being the result of a "blood- 
dinease," that the emigration of white blood-corpuscles 
may play some part in the process. How far this is the 
case, as will l)e seen hereafter, we are at present unable to 
determine. We know that this emigration constitutes a 
prominent feature in the process of inflammation, and if 
future researches should show that it also occurs in the 
development of malignant new formations whilst in those 
which are non-malignant it is entirely wanting, it would 
go far towards rendering the existence of a malignant 
dyscrasia beyond dispute. In the present position of our 
knowledge, however, in which it is only probable ttasA. ^tv 
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emigration of lefococjtes may play some part in the de- 
Telopment of all new giowtlis, both innocent and malig- 
nantk any argmment in fiivonr of the existence of a blood- 
dyscrasia as the cause of the derelopment of the latter 
based npon snch oonsideraticms wouM be unjustifiable. 
If an emigration of leucocytes does take place, it is more 
in accordance with facts and with the general history of 
malignant growths to suppose the existence of some pecu- 
liarity in the tksuee into which the elements escape 
which determines their special development. 

Although there would thus appear to be no necessity 
to admit the existence of a general constitutional cause in 
order to explain the cHnieal characters which constitute 
malignancy, there can be no doubt that many growths, 
both innocent and malignant, have a constitutional 
origin. The possibility of the existence of such a consti- 
tutional cause must therefore be borne in mind in ac- 
coanting for the development of secondary malignant 
growths, as although these may result from infection, 
they may also owe their origin to the same causes as 
those which induced the primary one. Whether the 
constitutional cause is a general one — consisting in some 
specific peculiarity of the entire organism, or whether it 
is local in its nature, and consists in some constitutional 
peculiarity of the tissues from which the new growths 
originate, some peculiarity which renders them more 
prone than other tissues to undergo abnormal develop- 
ment, is unkown ; although the latter supposition seems 
to be the more probable one. 

The influence of hereditary predisposition upon the oc- 
currence of many growths, appears to point to the existence 
at a local, rather than to that of a general constitutional 
taint. In scrofula, for example, which is a markedly 
hereditary disease, the tendency of the lymphatic glands 
to undergo excessive development from very slight 
degrees oi irritation, is probably to be regarded as owing 
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to a predisposition of the glands themselTes, and not to 
any general constitntional state. The same is probably 
tme of many other constitntional tendencies. Nsevi, 
tmnonrs of the skin, ntems, mammsB, stomach, and of 
other parts, are again aU unquestionably sometimes 
hereditary; and here also the tendency would appear to 
consist in a predisposition of the tissues themselyes to 
become the seats of new formations. 

The tendency sometimes observed in partictdar tissues 
to generate new formations, points again to a local cause. 
The osseous system, for example, may be the seat of new 
growths — tumours occurring in nearly all the bones, and 
not being met with in other parts. Tumours may in the 
same way be multiple in other tissues. 

Direct Exdtvng Causes. — The existence of a direct ex- 
citing cause is more capable of demonstration than a eon- 
stitutional one. It consists either in some direct irritation 
of a tissue, which is by this means stimulated to increased 
development ; .or in the migration or transmission of ele- 
ments from some primary growth, which by proliferating 
themselves, or causing proliferation, in the tissues in 
which they lodge constitute the centres of secondary 
^rmations. 

The direct irritation of a tissue may be owing to me- 
chanical or chemical irritants. Simple mechanical or 
chemical irritation can, however, under no circumstances 
be the only cause of the development of the growth. The 
effect of such irritations alone, is to cause an inflammatory 
formation ; in order for them to produce a non-ioflamma- 
tory one — a tumour, there must be some special predis- 
position of the tissue itself: — the irritation can merely 
determine its development. The influence of simole 
irritation in the production of new formations is exem- 
plified by the frequent occurrence of epithelioma on the 
lips of smokers, from the irritation of the pipe ; and on 
the penis and scrotum of chimney-sweepex&, iioia \});i'^ 

i2 



116 NUTEinON INCREASED. 



V 



irritation of the soot (" cliimiiey-sweeps' cancer"). The 
numerons recorded instances of the development of a 
tumoar following some external violence or injury, leave 
little doubt that these also sometimes stand to one 
another in the relation of cause and effect. Lastly, as 
pointed out by Virchow, it is those organs which are the 
most exposed to irritation from external causes, as the 
stomach, the uterus, the mammary-gland, and the rectum, 
which are especially liable to become the seats of new 
growths. 

The influence of elements, which have either migrated 
or been conveyed from their original habitat, in causing 
the development of new formations is exemplified by the 
history of malignant tumours. It is by this means that 
the secondary tumours most frequently originate. The 
elements, which either migrate spontaneously from the 
primary growth, or are carried by the blood or lymph 
streams, may proliferate in the tissue in which they 
lodge, and so develop into secondary formations. 

In other cases it is also exceedingly probable, as pointed 
out by Dr. Creighton,* that the elements (either cells or 
minute particles) which are transmitted from the pri- 
mary tumour cause the production of secondary tumours 
by virtue of an influence on the cells of the tissue 
where they lodge, which may be termed a spermaUc 
in^uence, and which is strictly comparable with that of 
the sperm-cell in the ovum. In such cases the relation of 
the primary to the secondary tumour is that of parent to 
offspring. This subject will be again alluded to when 
speaking of " Malignancy,** 

Development. — In studying the development of the 
new formations, it is important, in the first place, to bear 
in mind what has been already stated — ^viz., that they are 
in all cases the direct product of pre-existing cellular 
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elements. In tlieir development they also resemble the 
normal tissues : — every pathological growth has its phy- 
siological prototype. 

The elements from which new growths most frequently 
originate are those belonging to the common connective 
tissue, and to the blood-vessels and lymphatic system 
with which it is so intimately associated. By common 
connective tissue is meant that tissue which in all parts 
surrounds the blood-vessels, and is so universally dis- 
tributed throughout the entire organism. This must be 
carefully distinguished from the formed connective sub- 
stances — tendon, cartilage, bone, &o. In this common 
connective tissue we distinguish two kinds of cells — the 
stable cells (connective tissue corpuscles), and the mobile 
cells, which are probably wandering white blood-corpuscles. 
These cells are in intimate relation with the endothelium 
of the lymphatics, the latter vessels commencing as serous 
canals which are universally distributed in the tissue. 
Further — ^both the endothelium of the lymphatics and 
that of the blood-vessels closely resemble in their phy- 
siological functions the fixed cells of the connective 
tissue. 

In the process of development of new growths from 
this common connective tissue, the part which is played 
by the different cellular elements cannot in our present 
state of knowledge be certainly stated. It is, however, 
probable that it is the mobile cells which are principally 
concerned. These cells are the most active, and conse- 
quently the most capable of multiplying by division. It 
is equally probable that the number of these mobile cells 
is materially increased by an abundant emigration of 
white blood-corpuscles from the vessels. Respecting the 
fixed connective tissue cells and the endothelium of the 
blood-vessels and lymphatics — ^it must be admitted that 
these, although perhaps inferior in their formative powers, 
also undergo active changes, and thus iiicxeaae\ii^"srQi£^"t 
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of the newly-formed elements. In tlie case of these fixed 
eells, the process of cell-formation is probably very fre- 
quently effected by means of vacnolation and endogenons 
development (see Fig. 2); and, as was stated when de- 
scribing the " genesis of cells," elements which thns 
originate endogenonsly have, for the most part, a destiny 
different from that of the parent ceU. 

Whatever be the part played by the respective elements 
in the process of development of the new growth, the first 
result of their combined activity is to prodace a new 
tissne, composed of innumerable small ronndish-shaped 
cells, from Tg^rr to st^fv of an inch in diameter, often en- 
closing a large, ronnd, ill-defined nnclens, which nsnally 
only becomes visible after the addition of water or of 
acetic acid. These cells, which are nsnally known as 
imdifferent cells, possess no limiting membrane, but con- 
sist of little masses of protoplasm which are almost in 
close contact with one another. (Fig. 26.) They are in- 
distinguishable from the cells of a granulation, and from 

many of those met with in the 
Fig. 26. rapidly-growing connective tissue 

of the embryo. In some cases the 
protoplasm continues to increase 
and the nuclei to divide without 
any subsequent division of the 
cell taking place, and thus are 
produced large irregular-shaped 
masses of protoplasm containing 
numerous nuclei. These are the 

Emhryonic (*^lndm- ^ian* or myeloid cells which are 

rerW^ Tissue from the met with in the meduUa of young 

Edge of a Sarcomatous -, j . . 

Titmaur, x 860. i^^® ^^^ "^ many sarcomatous 

tumours (see "Myeloid Sarcoma," 
Fig. 33). Thus the first stage in the process of develop- 
ment consists in the formation of an embryonic tissue, 
and this emhryomo tissue subsequently develops into the 
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tissue of which the new growth is composed. It is often 
impossible to determine in this early stage of the growth 
what it will ultimately become — ^whether a fibroma, a sar- 
coma, or an enchondroma, (&o. 

The second stage of the process consists in the develop- 
ment of this embryonic (" indifierent") tissue into the 
tissue of the permanent growth, and this subsequent 
development closely resembles that of the immature con- 
nective tissue of the embryo. As from the immature 
connective tissue of the embryo are developed various 
connective tissue substances — fibrous tissue, mucous 
tissue, cartilage, bone, &c. — so may this embryonic con- 
nective tissue which constitutes the earliest stage of so 
many of the pathological new formations, become de- 
veloped into various tissues, all of which usually more or 
less resemble the several varieties of the physiological 
connective tissues. The whole of the primary cells may 
form the same kind of tissue, in which case the growth 
will possess the same characters throughout; or it may 
be complex, some cells forming one kind of tissue and 
some another. A combination of two or more kinds of 
structure may thus be met with in the same tumour — as 
a combination of sarcoma and lipoma, of enchondroma 
and myxoma, and so on. What determines the ultimate 
development of the young cells, why they produce such 
various forms of growths, is as far from our knowledge as 
what determines the ultimate destination of the cells in 
the embryo. 

Next to common connective tissue, the epitheliay surface 
and glandular, are the elements from which new forma- 
tions most frequently originate ; and as from connective 
tissue are usually produced growths of the connective 
tissue type, so do the growths originating from the epi- 
thelia usually resemble epithelium. As to whether all 
new growths originating in connexion with epithelium are 
solely the offspring of pre-existing epithelial elemeut^)^^ 
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are imable to speak with certainty. The answer to tliis 
question must await a more certain knowledge of the way 
in which the epithelial stmctores normally grow and repair 
themselves. It appears, however, probable that the normal 
prodaction of epithelinm is not entirely the resnlt of the 
multiplication of epithelial cells, but that the mobile cells 
of the connective tissue by contact with epithelial elements 
may become developed into epithelium. It must, conse- 
quently, be admitted, at aU events as equally probable, 
that pathological new formations which originate in con- 
nexion with epithelium may be in part the product of 
mobile elements belonging to the connective tissue. The 
process of development from epithelium may take place 
either by simple division, or by vacuolation and endo- 
genous growth. 

Here allusion must be made to the recent investigations 
of Dr. Creighton on the development of secondary 
tumours in the liver.* Dr. Creighton finds that in various 
kinds of secondary tumour occurring in the liver, the 
growth originates from the liver- cells by a process of 
vacuolation and endogenous formation ; and he concludes 
that in this way liver-cells may originate epithelial cells, 
connective tissue-cells, spindle-cells, &c., the variations 
depending upon the nature of the primary tumour. 

From the remaining tissues, w/usde and nerve, the 
development of new growths is comparatively rare, and 
in nerve-tissue it is even doubtful if formative processes 
ever occur. 

According to the similarity or difference which subsists 
between the new growth and the tissue from which it 
grows, new formations are divisible into two classes — 
homologous and heterologous. When the growth resembles 
in its structure and development the tissue from which it 
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originates, it is said to be homologoua ; when it differs, it 
is said to be heterologovs, A cartilaginous tnmonr, for 
example, growing from cartilage, is homologous, but 
growing &om any other tissue, as from the parotid gland, 
it is heterologous. The same variety of tumour may 
thus be in one case homologous, in another, heterologous. 
A purely homologous growth is therefore simply a hyper ' 
plaaio/SkXi excessive growth of a tissue in some particular 
part; any deviation from the type of the parent tissue 
constitutes heterology. 

Heterology, however, is not limited to the production 
of a tissue which is dissimilar from that from which it 
originates ; a growth is also said to be heterologous when 
it differs from the tissue in which it is situated^ and this 
may occur without its being the direct product of the 
latter. It is heterology in this sense that is so charac- 
teristic of certain cancers. Those cancers which obviously 
originate from epithelium, become heterologous owing to 
the growth and extension of the epitheHum beyond its 
normal limits (see ** Epithelioma"). The same form of 
heterology obtains in the case of growths originating 
fix>m elements which have migrated or been carried 
from their original habitat, and have developed into a 
tissue which differs from that in which they are situated. 

Heterology is often an evidence of malignancy. Many 
heterologous growths, however, are not malignant ; slight 
deviations from the normal type are no evidence of 
malignancy. A growth primarily homologous may sub- 
sequently become heterologous ; this is often seen when 
a long-standing innocent tumour suddenly exhibits 
malignant characters. A knowledge of the homology or 
heterology of a growth is therefore an important element 
in the determination of its innocent or malignant nature. 

Bela-tign op the Growth to the suerounding 
Tissues. — The relation of the tumour to the surrounding 
stmctures will depend upon its mode of groYrth. Gxo^wXXi 
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may take place siiiiply by the contmuous proliferatioii of 
the cells of which the tmnonr is composed. In this case 
it will merely displace the surrounding parts, and having 
attained a certain degree of derelopment, a fibrous cap- 
sule is often formed around it, by which it becomes com- 
pletely isolated. The lipomata, fibromata, and enchon- 
dromata are usually thus encapsuled. In other cases, 
growth takes place also at the circumference, by the con- 
tinuous proliferation of the parent tissue. There is then 
no line of demarcation between the tumour and the 
matrix from which it grows, so that although to the 
naked eye it may appear separate, the microscope will 
discover in the adjacent tissues elements of the new 
growth. This is very common in the sarcomata and in 
the cancers, and is a common cause of local recurrence 
after removal. Lastly, the tumour may increase not 
only by the proliferation of its matrix, but also by in- 
vading other structures : — this occurs in those growths 
which are the most malignant (see " Malignancy "). 

Eetrogressivb Changes.— The development of the 
growth being complete, it becomes sooner or later the 
seat of retrogressive changes. The time at which these 
commence, varies ^— as a rule the permanence and dura- 
bility of a trimour bear an inverse relation to the rapidity 
of its growth, and to the inferiority of its organization. 
The more rapid the growth, and the more lowly organized 
the tissue formed, the less its durability and the sooner 
do retrogressive changes occur. The cancers and sarco- 
mata, for example, which develop rapidly and consist for 
the most part of cells, quickly degenerate ; their elements 
are unstable and soon perish. Osseous tumours, on the 
other hand, which develop more slowly, and consist of a 
more highly organized tissue, have a much greater 
stability, and are but little liable to retrogressive meta- 
morphosis. 

The retrogressive changes are similar to those met with 
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in the physiological tissues. Deficient snpplj of blood 
is followed by fatty degeneration and its various termina- 
tions — softening, caseation, and calcification. Pigmen- 
tary, colloid, and mucoid degeneration may also occur. 
New formations may also become the seats of an infiam- 
matoiy process. 

Malignancy. — By "malignancy" is understood the 
property possessed by many tumours of reproducing 
themselves either locally after removal, or in distant 
tissues. It is important not to confound the terms 
"malignancy" and "cancerous." "Malignancy** is a 
purely clinical term, and although in a high degree the 
property of the cancers, is by no means confined to them ; 
the sarcomata, for example, being in many cases equally, 
or even more malignant. The term "cancer** on the 
other hand, is used to imply a definite structure, and as 
such is applied to a certain class of new formations. 

The malignant prox)erties of a tumour may manifest 
themselves either in the tissues immediately adjacent to 
it or in its neighbourhood, in the nearest chain of lym- 
phatic glands, or in more distant parts. Some growths 
possess these properties in a higher degree than others, 
so that there are difierent degrees of malignancy. In 
many cases the maHgnancy of a tumour is so far limited 
that it gives rise merely to a local reproduction after 
removal. Such tumours have been separately classified 
by many surgeons as " recurrent " tumours. In other 
growths this tendency to local reproduction is asso- 
ciated with the development of similar growths in the 
nearest lymphatic glands; whilst in a third class of cases, 
to one or both of these conditions is added the reproduc- 
tion of the growth in more distant tissues, especially in 
the lungs and liver. It will be advisable to treat of these 
three degrees of malignancy separately. 

1. lUjprodudion of the Growth in the Adjacent Struc' 
iwres.^ThiB is usually the earliest evidence oi maEgxi^.i[x<(^3 
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in a growth, and gives rise to its persistent recurrence 
in loco after removal by the snrgeon. This tendency 
to the local reproduction of the tnmonr is principally 
owing to its mode of growth. The cellular elements of 
the tnmonr extend for some distance into the snrronnd- 
ing tissues, so that unless in the operation for its removal 
the incision be carried for some distance beyond the 
apparent confines of the growth, some of the elements 
may be left behind and thus constitute the centres of 
secondary formations. Such tumours therefore are not 
usually encapsuled, but extend by peripheral growth. 
In some cases, however, tumours which possess a dis- 
tinct capsule may in the same way infiltrate the sur- 
rounding structures. The infiltration of the adjacent 
tissues by the elements of the tumour sometimes gives 
rise, not only to the continuous enlargement of the pri- 
mary growth, but also to the development of separate 
secondary growths in the immediate vicinity of the 
primary one. Whilst it must be admitted that the re- 
production of a malignant tumour in the adjacent tissues 
is thus in most cases to be ascribed to the infiltration of 
the latter with its cellular elements, it is possible that 
the nutrient fluids of the tumour may by their influence 
upon the surrounding tissues be in part the cause of the 
abnormal development. 

2. Beproduction of the Growth in the nearest Lym- 
phatic Glands. — This is owing to the transmission by the 
lymph-stream of substances (probably cellular elements) 
derived from the malignant growth, which become arrested 
in the nearest lymphatic glands, and there cause the 
development of secondary formations. These are in all 
cases of the same nature as the primary tumour. When 
the lymphatic glands have themselves developed into 
secondary growths, they in their turn constitute new 
centres of infection, and may thus infect more distant 
glands or the immediately adjacent tissues. The ten- 
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dency to reproduction in the lymphatic glands varies 
v«*y mnch in the different varieties of malignant 
growths, being, for example, very marked in the cancers, 
whereas in the sarcomata it is comparatively rare. The 
reasons for these differences will be seen in the subse- 
quent chapters. 

3. Reproduction of the Growth vn Distant Tissues, — 
This is usually the terminal process in the history of 
malignant growths. The reproduction of the malignant 
growth in distant tissues is in the great majority of cases 
owing to the entry of some of its elements into the blood- 
stream. The secondary growths, as in the lymphatic 
glands, are in all cases of the same nature as the primary 
tumour. They occur as a rule in those organs through 
which the blood from the primary tumour first passes — 
that is, in those organs which present the first set of 
capillaries for the arrest of the transmitted materials. 
In malignant diseases of those organs, for example, 
which return their blood through the portal vein, as the 
stomach and mesenteric glands, it is the liver in which 
the secondary growths usually first occur, and when this 
has become involved, it may constitute a secondary centre 
of infection and in the same way cause tertiary growths 
in the lungs. Although this sequence is the rule, there 
are numerous exceptions. In some cases the organs 
which are nearest in the course of the circulation to the 
primary growth escape, whilst those more distant be- 
come affected. This may be owing to one organ being 
more predisposed to the influence of the infecting ma- 
terials than another ; or to the capillaries of the proximal 
organ allowing particles to pass through them, whereas 
those of the more distant one are small enough to arrest 
them. Lastly, it must be borne in mind, that the 
secondary growths may be entirely independent of the 
primary one, their origin being due to the same cause. 

Although the general dissemination of a maVi^^TiX* 
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growth is tlins in most cases owing to the transmission 
of its elements by the blood-stream, this is not the only 
way in which it may be bronght about. Exceptional 
eases have been described in which the elements of a 
tumour have been distributed and caused secondary 
growths in other ways — as by passing down the tradiea, 
between the layers of the peritoneum^ from the kidneys 
down the ureters to the bladder, &c. 

The secondary growths, as already stated, are probably 
either the direct products of the transmitted elements 
which proliferate in the tissues in which they lodge, or 
they owe their origin to the spermatic influence of those 
elements upon cells with which they come into contact/ 

It is thus obvious that the eyidenees of malignancy in 
a growth will consist — in its inrasion of the surrounding 
structures, the implication of the neighbouring lym- 
phatics, and the occurrence of similar growths in internal 
organs. As a general rule it may be stated that the 
more juice a growth contains, and the richer it is in 
blood-vessels and lymphatics, the more quickly will it 
infect the lymphatic glands, and internal organs ; on the 
other hand, the poorer it is in blood-vessels and lym- 
phatics, the more are its infecting properties confined to 
the neighbouring tissues. 

The determination of the innocent or malignant nature 
of any growth will principally depend upon its micro- 
scopical characters, and, as will be seen when considering 
the various kinds of tumours, the differences which exist 
in their clinical characters are in great measure to be 
explained by differences in their position, minute struc- 
ture, and mode of growth. Many varieties of new for- 
mations are invariably malignant, as ' the cancers and 
sarcomata; hence any growth which from its minute 
structure must be included under these heads, must be 
regarded as being of a malignant nature. 

Oi^ASSiPiCATiON. — New formations may be classified 
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upon a histological, a physiological, or a clinical basis. 
Although a physiological and clinical classification are 
much to he desired^ in the present state of onr loiowledge 
they must he very incoimplete. A classification of the 
new formations according to their histological characters 
is consequently here adopted. Smch a classification may 
be most advantageously made in accordance with the 
classification of the physiological tissues : — 

Classification op the New Formations* 

Type of the Connective Tissues^ 

Type of embryonio ooxmec-') _ 

f Sarcoma.. 



*9 



tiye tissne. 

fibrous tissue . . Fibroma, 

mucous tissue . . Myxoma^ 

adipose tissue » .. Lipoma, 

cartilage .... Encbondroma. 

bone ..... Osteoma. 



lymphatic tissue . The Lympbomata - 



Hodgkin's 

Disease. 

Leukaemia. 



i. 



Type of the Epithelial Tissues, 

Papilloma. 
Adenoma. 

' Scirrbus. 

Encepbaloid. 
The Carciuomata- Oolloid. 

^Epithelioma. 



Type of the Higher Tissues, 

Type of muscle Myoma. 

„ nerve Neuroma. 

M blood-vessels Angioma. 




CHAPTER XIII. 

THE SARCOMATA. 

The sarcomata are tumours consisting of embryonic con- 
nective tissue. Of these there are several varieties, 
depending upon the size and configuration of the cells, 
and the nature of the intercellular substance. They in- 
clude what have generally been known in this country as 
fibro-plasticfibro'nucleated, recurrent-fihroidf and rmfeloid 
tumours. 

Connective tissue in its embryonic condition is an im- 
mature tissue in a state of rapid development. In its 
most immature state it differs from the fally developed 
tissue in consisting almost entirely of small round cells, 
whilst its intercellular substance, instead of being fibrous, 
is soft and amorphous. This is the common condition of 
connective tissue in the primary stages of all rapid for- 
mative processes, as already described when speaking of 
it as the tissue from which many tumours of the con- 
nective-tissue class originate (see " Development of New 
Formations"). 

In the process of development of this embryonic into 
mature connective tissue, the cells diminish in number, 
many of them assume a spindle shape, and the inter- 
cellular substance fibrillates. Similar changes are seen 
in inflammatory conditions of connective tissue. Here 
also many of the small round cells which constitute the 
" granulation-tissue" become spindle cells, and the granu- 
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lation tissue nltimatelj develops into the fibrous tissue of 
tlie cicatrix. In the sarcomata, however, the connective 
tissue retains the embryonic state throughout its growth, 
there is a progressive formation of embryonic tissue ; and 
although the process of development may occasionally 
proceed in certain parts of the tumour to the formation 
of a more highly developed structure, as fibrous tissue, 
cartilage, or bone, so that a mixed form of tumour is 
produced, it usually ceases at the embryonic stage. 

Stbxjctub£. — ^The sarcomata may thus be defined as 
tumours consisting of connective tissue which throughout 
ita growth retains the embryonic type. The cells, which 
constitute nearly the whole of the growth, consist for the 
most part of masses of nucleated protoplasm, and rarely 
possess a limiting membrane. They present many varia- 
tions in size and form ; as a rule, however, they preserve 
the same general characters in the same tumour. There 
are three principal varieties — ^the rornid, the fueiform, 
and the myeloid cells. 

The rotmd cells are many of them indistinguishable 
from lymph-ceUs or white blood-corpuscles. Others are 
somewhat larger and contain an 
indistinct nucleus with one or 
more bright nucleoli: these 
more closely resemble the cells 
of a granulation. 

The fusifomi, or spindle-shaped 
cells, are the so-caUed "fibro- 
plastic cells" (Fig. 27). They are 
long narrow cells, terminating at 
each end in a fine prolongation. 
Some of them may be broader, 
approaching the epithelial type ; 
others more or less stellate. They 
are sometimes slightly granular, 
and they enclose a long oval nu- 

X 



Fig. 27. 




Cells from a SpindU-celled 
Sarconuu x 200. 
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clens, with or withont nucleoli. In size they vary con- 
siderably. These cells represent a higher state of develop- 
ment than the ronnd cells, resembling those met with in 
embryonic tissue which is in the process of forming 
mature connective tissue. (See Fig. 72 b.) 

The myeloidf or mother cells, are much larger than 
either of the preceding, and are analogous to the cells 
met with in the meduUa of fcBtal bone. (See Fig. 33.) 
They are large irregular-shaped masses of nucleated pro- 
toplasm, for the most part more or less spherical, and 
often possessing numerous offshoots. They are finely 
granular, and contain several round or roundly-oval 
nuclei, each with one or more bright nucleoli. The nuclei 
may be exceedingly numerous, one cell containing as 
many as thirty. Both the cells and nuclei vary consider- 
ably in size. 

An intercellular substance exists in all the sarcomata, 
although it is usually very small in quantity, the cells 
lying in nearly close apposition. It may be perfectly 
fluid and homogeneous, or firmer and granular, or more 
or less fibrillated. Chemically it yields albumen, gelatin, 
or mucin. 

The blood-vessels are usually very numerous, and are 
either in direct contact with the ceUs, or separated from 
them by a little fibrillated tissue. Their distribution is 
very irregular, and their waUs often consist of embryonic 
tissue similar to that of the growth which they supply ; 
hence the frequency with which rupture and extravasation 
of blood take place. 

Development. — The sarcomata always originate from 
connective tissue — either from the subcutaneous, the sub- 
mucous, or the subserous tissues, the fasciae, the con- 
nective tissue of organs, the periosteum, or the medullary 
tissue of bones. Their growth may take place in two 
ways, by the multiplication of their own elements — central 

'wth, and by the continuous invasion of their matrix — 
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peripheral growth. A peripheral growth is the great 
characteristic of the sarcomata ; they nsnallj increase hj 
the continuous invasion of their connective-tissne matrix, 
so that no line of demarcation exists between the two. 
They frequently also invade other tissues, the elements 
of the growth extending for some distance into the sur- 
rounding structures. This infiltrating tendency of the 
sarcomata varies considerably in the different varieties, 
being much more marked in the round-celled than in the 
Bpindle-celled and myeloid growths. A purely central 
growth is less common. A sarcomatous tumour, however, 
often becomes encapsuled and growth takes place within 
the capsule ; but even in this case the capsule is some- 
times merely that of the part within which the growth 
originates, as the periosteum, or the capsule of a lym- 
phatic gland. 

Secondabt Changes. — ^The most important of these is 
fatty degeneration. This always occurs to a greater or 
less extent in the older portions of the growth, causing 
softening, caseation, or the production of cyst-like cavi- 
ties. It is frequently associated with destruction of the 
blood-vessels and haemorrhage : the latter may give rise 
to pigmentation, and the formation of sanguineous cysts. 
Calcification, ossification, and mucoid degeneration are 
less common. The occurrence of calcification, ossification, 
and pigmentation is influenced by the predisposition of 
the matrix from which the growth is produced : — thus 
calcification and ossification are more prone to occur in 
tumours originating in connexion with bone, pigmenta- 
tion in those originating from the cutis or eyeball. 

Vabietles. — Although all the sarcomata possess the 
same general characters, they present many histological 
and clinical differences which may serve as bases for 
their classification. The occurrence of various secondary 
changes — pigmentation, mucoid degeneration, and the 
formation of cysts, impart their respective c\iara;etex^ \» 

k2 
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tlie growth; hence uidamciie'marcomamiid.eygtie'tarcoma, 
hftTe been described as dktmci ysnetiee. Tbia ietoa 
ceriam extent jnatifiable, inasmnch as sarcomata which 
have undergone these transformations, in many cases 
possess the property of reprodncing the same characters 
when they occur secondarfly in other parts. Then, again, 
as already stated, sarcomatons tnmours are sometimes 
complex in their structure, and are associated with other 
tissues bdonging to the connectiye-tissue group. A 
combination of sarcoma with f&tty, cartilaginous, and 
osseous tissue, is thus not uncommonly met with {cThondrch 
tareoma o9teo-9arcama, &c,). This is owing to the em- 
bryonic tissue exhibiting a tendency to develop into the 
different varieties of connective tissue. (See " The New 
Formations.") The following histological classification, 
based upon the three different forms of cells already 
described, is perhaps the most convenient. It must, how- 
ever, be borne in mind, that all the varieties of cells may 
be found in the same tumour, although the majority are 
usually of the same type ; hence, the majority will deter- 
mine the class to which the growth belongs. 

SPINDLE-CELLED SABCOMA. 

This, which includes the growths long known in this 
country as " fibro-plastic," " recurrent fibroid," &c., is the 
most common of all the sarcomata. It is more closely 
allied to the fibromata than are the other varieties of 
sarcoma, inasmuch as it consists of a tissue which must 
be regarded as occupying an intermediate place between 
embryonic and fully-developed connective tissue. It con- 
sists mainly of spindle-shaped and fusiform ceUs, varying 
considerably in size, and nearly in close contact, there 
being very little intercellular substance. (Fig. 28.) The 
cells, which contain well marked oval nuclei, are parallel 
to one another, and are arranged in bundles which pass 
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in all diredjona throDgh the ^owtb, bo that in those por- 
tiouB of the section in which the bundles of spindle- 
elementa hare been ont tranaverselj they present the 
appearance of ronnd cells. In some pH.rts there inaj be 
partiat fibrillation. The spindle-celleJ sarcomata grow 
from the periostenm, the fasciffi, and from connective 
tiBsae in other parts. Thej are osnallj tolerablj firm 
Fro. SH. 




^liiidle-celUd 

cells have been a r 

right— they are in their nfttoial alste of appo- 
eitiou, sncb as vould be eeen in s thin sec- 
tion of the tnmour. x 350. (Virchow.) 

in consistence, and for the most part present, on section, a 
translncent somewhat flbrillated appearance. . They are 
often encapsnled, mncb more frequently bo than the 
roand-celled growths, bnt they are very liable to extend 
by peripheral growth, and often infiltrate the surrounding 
stmctnreB. 

MELuronc Saecoka.— Thia ia a variety of sarcoma in 
which many of the cells contain granules of dark-colonred 
pigment. By far the greater number of melanotic tnmonrs 
are sarcomata, and most of the growths which were for- 
merly described as " melanotic cancers," belong in reality 
to UuB class of new fomtationB. Sot only aje \^iBftB 
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melanotic tnmonTS most freqaentlj sarcomata, but tLe 
majority of them oonaiBt mainly of spindle-shaped cells — 
lience tiiej are deacribed in the present section. 

The melanotic aarcomata originate principally in two 
■ritnatdons — in the choroid coat of the eye, and in the 
superficial integtimenta. In both of these sitaationB 
pigment is a normal constitaent of the tissnes, and Hub 




A Melanotic Sarccma q/'lhc Pfnit. 
tbia sectioD, ehowiiig the geseraJ itmuigement ot 
the eleDients. ' """ 



C. — Some of the elemmls separated by teasing. In these 
the plgment-gianules are veil seea. k 40U. 

tendency of stmctnres normally containing pigment to 
originate melanotic growths, is exceedingly charaoteristic. 
(See " Pigmentarj Degeneration.") These 
nsnally consist of spindle-shaped cells, althongb ii 
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cases the prevailing type of their elements is ronnd or 
oval. (Fig. 29.) The pigment, which gives to them their 
distinctive characters, consists of granules of a brownish 
or dark sepia colonr, which are distributed within the 
cells. (Fig. 29 c.) Frequently, only a very small pro- 
portion of the ceUs are pigmented, whilst in other 
tumours the pigmentation is much more universal; in 
all cases, however, a large number of the elements will 
be found to be quite free from pigment. 

These melanotic tumours are amongst the most malig- 
nant of the sarcomatous growths. They reproduce them- 
selves often very rapidly in distant tissues, and in doing 
so, although they almost invariably maintain their mela- 
notic characters, the degree of the pigmentation of the 
.econdary tumours varies considerably; whilst many of 
them may be perfectly black in colour, others may be 
much paler, and perhaps only partially streaked with 
pigment. The secondary growths may occur in almost 
every organ of the body — the liver, the spleen, the 
kidneys, the lungs, the heart, and also the lymphatic 
glands and subcutaneous tissue, may all be simul- 
taneously involved. I have observed, that when occur- 
ring in internal organs, the pigmentation is not always 
limited to the secondary nodules, but that many of the 
cells proper to the organ itself are filled with granules of 
similar pigment, which is most abundant in those cells 
which are immediately adjacent to the new growth. This 
pigmentation of the cells of the organ often extends for 
some distance beyond the confines of the txunour. 

Osteoid Sabcoma. — This, which is often known as 
"osteoid cancer," is a variety of sarcoma (usually of 
spindle-celled sarcoma) in which the growth is either 
more or less calcified, or has partially become converted 
into true bone. As a primary growth it is met with almost 
exclusively in connection with bone — growing either from 
the periosteum or the medulla — ^although the oateovdi c^oAr 
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ntcteri sre nmallj reprodnced in the secondaiy tmnoars 
ocduriiig in the Inngs and in other parta. 

Simpk calcificatkon ia much more common than trne 
ossification. Here the growth merely becomes infiltrated 
with calcareous talts, which may be dissc^Ted ont with 
a little dilate hydrochloric acid, when the characteristic 
■aroomatona Btractare becomes revealed. Id other cases 
this calcification is aaaociated with the conTersion of por- 
tions of the tumour into tme^ although luaally imperfect 
bone. When this has occurred, there will be seen amongst 
the spindle-shaped, round, or myeloid elements, tracts of 
tissue eonaisting of broad bands of granolar intercellnlar 
material, infiltrated with calcareoos salts, enclosing spaces 
which contain spindle, oval, or ronnd cells. (Fig. 30.) 
This stmcture often much resembles cartilage. In other 
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(Mtold Sarcoma, — Showing the calcification of a spiDdle- 
oelled gTOVtb, &Dd tbe fonnation of troad banilB of calcified 
inlercellular material encloaing spaces which contun 
round and oval cbIIb. >■ 2IW. 

parts of the growth, where the change is more advanced, 
may be seen lacnnee uid even canaliculi anch as are 
found in true bone. 

In these osteoid growths it is most important to recog- 
nise the existence of the sarcomatous element, inasmuch 
as it ia the presence or absence of this which determines 
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the innocent or malignant nature of the growtli. Osteoid 
sarcoma mnet be carefully dietingiiiiihed from the simple 
osseous tnmonr. 

BOCND-CELLBD SARCOMA. 

This is of softer consistence p,a gt 

than the spindle-celled growthe ^ 

and ftum its frequent resemblaJice ^ '^ • ^^1*^^^ 
in physical characters to ence ^ ?— tt<^Ar *?fc 

phaloid, it is sometimes hnown as ^t ^5^3U^ 
"medullary," " encephaloid," or ??^M^^£^ 
" soft " sarcoma. Histologically 
it is elementary embryonic tisane 
consisting mainly of the round A thin ei 
cells already described, embedded ti^g i 
in a scanty, and usuhUj soft, 
homogeneous, or finely granular intercellular Bnbetance. 
(Fig. 31.) The cells nsuaUyre8em.ble those met with in the 
most elementary embryonic tisane ; less frequently, they are 
larger, and contain large round or oval nuclei, with bright 
nucleoli. There is an almost complete absence of fusi- 
form cells, and of the partial fibrillation which is su fre- 
qnent in the more highly-developed spindle-celled variety. 
The ronnd-celled sarcomata are of a uniform soft brain- 
like consistence, somewhat translucent or opaque, and of a, 
greyish or reddish- white colour. On scraping the out sur- 
face, they yield a juice which is richin cells. They are ex- 
ceedingly vascular, the vessels often being dilated and 
varicose, and from their liability to rupture, they fre- 
quently give rise to ecchjmoses and to the formation of 
sanguineous cysts. They grow from the cutis, the sub- 
cutaneous cellular tissue, the periosteum, the fascice, and 
from the connective tissue of oi^ans. They est«nd 
rapidly by peripheral growth, infiltrate the surrounding 
itmctoces, and reproduce themselves in internal Qiga-na. 
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From their cUmcal and physical characters, these 
tnmonrB are verj liable to be confoimded with encepha- 
loid cajicer : — they are distingniBhed hj the ahsence of 
an alveolar stroma, and by the uniformity in the cha- 
racter of their cells. 

Glioma. — This is a variety of round-celled sarcoma 
growing from the nenrt^tia or connective tissue of nerve. 
It coneiBtB of very email ronnd cells, embedded in an 
exceedingly scanty, homogeneona, gTBnnlar, or slightly 
fibrillated intercellolar substance. (Fig. 32 a.) Some of 

Fio. 82. 




. ...It nmoHrt fiom thi Brain, — a. A glion 
cerebellum. This represents tbe RppesFBoce ordiuarilj 
preBented by tbeee growtha. *. A coinpamtiTely rare 
form of aarouma, which cooBiats of larRo nncleated cells 
eaclosed within the meBhea of a vascular network. Tbe 
development of this tumour took place io the braJo sub- 
sequently to that of spiDdle-celled growtha— primarily in 
the thigh, and aecondajily in the Inng. ' 200. 

tla cells may possess fine prolongations which, by com- 
monicating with one another, form a somewhat reticulated 
strncture. These tumours occur in the grey and white 
substance of the brain, in the cranial nerves, and in the 
retina. In the retina they usually commence as a minut« 
nodule, which may gradually increase until it projects as 
a large fungating tumour from the orbit. They are not 
encapsuled, and although they may occasionally infiltrate 
^he tisBDesin which they lie and cause secondary growths 
^^ their immediate vicinity, ttv«3 ■^ot^ TB.telj reprodnce 
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themBelves in the lymphatic glands or in internal organs. 
They are Hable to small hsemorrhages into their struc- 
tnre, and sometimes become more or less caseous. 

MYELOID SAKCOMA. 

This, which is the well-known myeloid tnmonr, is some- 
what allied to the spindle-celled growths. It possesses, 
however, certain histological peculiarities which probably 
depend npon the characters of the tissue from which it 
grows. Myeloid tumours nearly always occur in con- 
nection with bone, and frequently originate in the medul- 
lary cavity. They consist of the large, many-nucleated 
cells already described as " myeloid cells," — which 
resemble the cells of the medulla in a state of excessive 
nutritive activity — together with numerous fusiform ceUs 
like those met with in the spindle-celled varieties. There 
are also some smaller round and oval elements. The 
large myeloid cells, which give to these tumours their dis- 
tinctive character, are usually much more numerous in 
those growths which originate in the medullary cavity 
than in those which spring from the periosteum. These 
various forms of cells are nearly in close contact, there 
being very little intercellular substance. (Fig. 33.) 

Myeloid tumours almost always grow in connection 
with bone, the heads of the long bones being their 
favourite seat. They are also very frequently met with 
springing from the periosteum of the upper and lower 
jaws, where they are usually known as epulis. When 
originating within the medullary cavity, the compact 
tissue of the bone becomes expanded over them, and they 
thus often communicate on palpation the peculiar sensa- 
tion known to surgeons as " egg-shell crackling." These 
tumours are of firmer consistence than the other varieties 
of sarcoma ; many of them are firm and fleshy, others 
'are softer, more resembling size-gelatin. They ^.t^ t^oV 
pulpj and gmmouB like the soft sarcomata, ^i^\^i^iet ^o 
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tltef preMot tlie baocnlated appeaisnw of the Epiadle- 

odled Tanetka. Thoir cnt snr&ce has an nniform mic- 

colent ^peuaaM, often mottled with p&tchea of red. 

Fio. 38. 
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Mytloid Sarcoma. (\ Irohow ) 

They are often encapsuled by the periosteal covermg of 
the bone from which they grow They are rare after 
middle life, and are the least mahgnant of all the sarco- 

Fs&uuoiu. 
Allusion roust here be made to a form of growth occa- 
sionally met with in the brain and its membranes which 
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is known as psanunoma. This growth, although haying 
bnt little resemblance to the sarcomata, is usually classi- 
fied with this group of new formations. Its characteristic 
feature is that it consists largely of calcareous particles. 
The calcareous particles are contained in the concentric 
bodies already described as the corpora amylacea, where 
they give rise to the so-called ** brain-sand " : — ^hence the 
name of the growth. The calcified corpora amylacea 
associated with a varying quantity of a cellular and fibnl- 
lated tissue, and blood-vessels, make up the growth. 

Fsammoma is usually met with growing from the 
membranes of the brain, or from the choroid plexus. In 
the latter situation it often contains numerous cysts. It 
is of no pathological importance except when of suffi- 
ciently large size to produce symptoms from pressure. 



CLmiCAL CHABACTERS OF THE SAECOUATA. 

The sarcomata occur most frequently in early and 
middle life, and, next to the cancers, they are the most 
malignant of the new formations. They are especially 
characterised by their great tendency to extend locally 
and to infiltrate the surrounding structures, so that they 
are exceedingly prone to recur in loco after removal. 
They comparatively rarely infect the lymphatic glands, 
and in this respect present a marked contrast to the 
cancers. They are also very liable to become generally 
disseminated, although this is not usual in the earlier 
stages of the disease. The secondary growths occur most 
frequently in the lungs. The dissemination is effected by 
means of the blood, and this is owing to the thinness of 
the walls of their blood-vessels and to the immediate con- 
tact of these with the cells of the growth — conditions 
most favourable to the entrance of the ce\iu\a.T ^•^meii^t^ 
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into the circnlatioii. The dissemination of the sarcomata 
is, on this account, sometimes more rapid than that of 
the cancers. In the latter, extension in the early stage 
takes place principally by the lymphatics, and dissemina- 
tion by the blood only occurs in the later stages of the 
disease. TMe secondary sarcomata usually resemble the 
primary one, but in exceptional cases the several varieties 
may replace one another. 

These malignant properties are possessed by the dif- 
ferent varieties of sarcoma in very different degrees. As 
a rule, the softer and more vascular the tumour, and the 
less its tendency to form a fully-developed tissue, the 
greater is its malignancy, llie soft, round-celled varieties 
are thus usually much more malignant than the firmer 
spindle-celled growths. Their infiltrating powers are 
much greater, they sometimes infect the lymphatic glands 
(which is exceedingly rare in the spindle-celled growths), 
and they tend to reproduce themselves very rapidly in 
internal organs. This is probably partly owing to the 
small round cells being endowed with greater powers of 
spontaneous movement than the spindle-shaped and 
larger cells; hence they more readily make their way 
amongst the tissues and into the blood-vessels. Amongst 
the spindle-celled tumours the degree of malignancy 
varies considerably. Many of them after removal never 
recur, whilst others recur locally seveml times after 
operation, and ultimately reproduce themselves in dis- 
tiant parts. As a rule, largeness of the spindle elements 
and the existence in many of them of more than one 
nucleus, is an evidence of special malignancy. Then, 
again, the presence of a distinct capsule limiting the 
growth must be taken into account in judging of the 
degree of its malignancy. The myeloid growths are the 
least malignant ; they may however also, in exceptional 
cases, give rise to secondary growths in internal organs. 



CHAPTER XIV. 

THE FIBROMATA. 

The fibromata, fibroas or coDnective tiesae tumoTirs are 
tomonTH coaBiBting ot fibrous tissue 

STaucTTTKE — In Htmctnre the fabromata preflent the 
game T&natiODH as thoae met with in fibrous tissue 
Some of them are composed of firm dense fibrous tissue, 
BQcb as constitutes tendons otbera are laxer and less 
fibrous m consistence more resembling the connective 
tusne of the cntis The fibres which constitute the 
chief part of the growth are closely interlaced and 
are diatnbuted without any definite arrangement or 
gnmped in bundles of various sues they are frequently 
arrai^ed concentrically around the blood vessels The 
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cells, or as they are nsuallj called, the connective-tisstie 
corpuscles, are very few in number. They are usually 
most abundant around the blood-vessels ; in other parts 
of tbe growth they are smaller and often only become 
visible after the addition of dilute acetic acid (Fig. 34). 
They are minute, spindle-shaped, fusiform, or stellate 
bodies, the latter having processes of varying length 
which communicate with similar processes from neigh- 
bouring cells. They contain in some cases an oval 
nucleus. The size and number of these cells varies with 
the rapidity of growth — ^the slower the growth the more 
fibrous the tissue, and the smaller and less numerous are 
the cells. 

The fibromata usually contain but very few blood- 
vessels. In some cases, however, these are more nume- 
rous, and form a cavernous network, the walls of which 
are firmly united to the tissue of the tumour, so that 
when divided or ruptured they are unable to retract. 
In such cases, injury to the tumour is often followed by 
profuse haemorrhage. 

Development. — The fibromata always originate from 
connective tissue, either from the cutis or subcutaneous 
connective tissue, from the subm.ucous or subserous tissue, 
from fasciae, the periosteum, the neurilemma, or from the 
connective tissue of organs. In the earliest stages of 
their growth they consist of embryonic tissue, the cells 
being very numerous, and the intercellular substance soft 
and amorphous (see " Development of New Formations"). 
The latter, however, subsequently fibrillates, the cells 
diminish in number, many of them become spindle-shaped 
and the embryonic becomes fully developed connective 
tissue. The slower the process of development, the less 
marked are these embryonic characters. The fibromata 
are almost always limited by a fibrous capsule, which 
separates them from the surrounding structures. Their 
growth ia slow and central, taking place within the 
\PBnle. 
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Secondabt Chai^ges. — Of these, partial mncoid soften- 
iog and calcification are the most common. Ulceration 
alao sometimes occars in those growths which are situated 
in the submncons tissue. 

Vakieties. — Fibrons tnmonrs present some variations 
in their characters, which depend for the most part upon 
the tissues from which they grow. Those growing from 
the cutis are softer and less dense in consistence than 
those met with in many other situations; they usually 
also have papillas on their surface. These growths from 
the cutis are by no means uncommon, and may form 
enormous tumours. They are frequently multiple, and in 
their growth often become pedunculated. They commonly 
occur in middle or advanced life. 

Another variety of fibrous tumour grows in connection 
with nerves, and is often described as newrorna. True 
neuromata, however — i.e., new formations of nerve-tissue 
— ^are amongst the rarest forms of new formations. These 
fibrous growths most frequently occur in connection with 
the superficial nerves. They grow from the neurilemma, 
and as they increase in size the nerve-fibres become ex- 
panded over them, so that they often cause considerable 
pain — ^hence the term "painful subcutaneous tubercle" 
which is sometimes applied to them. 

The fibroid t amours of the uterus, which are often 
described as fibrous tumours, appear in most cases to be 
overgrowths of the involuntary muscular tissue of the 
organ. They will therefore be considered with the mus- 
cular tumours. (See " Myoma.") 

Physical Chajracters, <fec. — Fibrous tumours are 
usually more or less spherical or oval in shape, and are 
frequently lobulated on the surface. Their consistence 
varies: — they may be exceedingly firm, dense, and fibrous, 
or softer and more succulent. On section, they usually 
present a greyish- white basis substance, intersected with 
opaque white glistening fibres. They are geueraW.^ ^m^<^i 

L 
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except when growing from the nenrilemma or cntis, in 
which BitnationB thej are frequently multiple. 

Clihical Charactsbs. — Clinicallj the fibromata are 
perf ectl J innocent, and have little or no tendency to recur 
locaU J after remoTaL 



CHAPTER XV. 

THE MYXOMATA. 

The myxomata are tnmonrs consistdng of mucous tissue. 
Mucous tissue is a transluceut and succulent connective 
tissue, the intercellular substance of which yields mucin. 
Physiologically, this tissue is met with in two forms, and 
in two situations : — one — ^in the vitreous body of the eye, 
in which the cells are roundish and isolated ; the other — 
in the umbilical cord, in which the cells are fasiform or 
stellate and give off fine trabeculae which anastomose 
with one another. In both, the intercellular substance is 
homogeneous and yields mucin. The connective tissues 
in their embryonic condition, as already stated when 
describing " mucoid degeneration," possess an inter- 
cellular substance, containing large quantities of mucin. 
This is especially the case with the tissue which subse- 
quently becomes adipose. New formations may undergo 
a mucoid change, and thus closely resemble in their phy- 
sical and chemical characters the myxomata. A myxoma, 
however, is a growth which consists of mucous tissue. 
The myxomata are thus very closely allied to the sarco- 
mata, and by many are included in the same class of new 
formations. 

Structure. — The cells present the two varieties met 
with in the physiological tissues. The majority are 
angular and stellate, with long anastomosing prolonga- 
tions and trabeculae. (Fig. 35.) Others are isolated, and 
fusiform, oval, or spherical in shape. They uaxxaWy ^^0^%^^% 

l2 
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one, in BOme cosea two distiiict nacleL Their contoar is 
Teiy indistinct, owing to the refractiiig nature of the 




myiovimt. a. inmiite piece of & myxoiDA 
of the um, Bhowiog the chancteristic 
bmncbed uuiBtijmoBiog cells. There are 
aleo a few lencocjteB, and one or two 
Bpiudle-shsped elements. ' 200. 

int«rce11ular eabstance. The latttr ia very abundant, 
perfectly iomogeneoua, of a aoft gelatinifonn viscid con- 
aistence, and jielde large quantities of mucin ; amongst 
it are a varying nnmber of ammboid ceEB. The blood- 
vesaela, which are not nnmerons, M-e readily visible and 
eaaily isolated. A few elastic fibres are sometimes seen 
between the cells. 

Developubnt. — The myzomata always originate from 
one of the connective tissues. Adipose tissue is their 
most favourite aeat — either the subcntaneons, the sub- 
mucous, or the inter-mnscnlar adipose tissue. They also 
grow from the mednllary tissue of bone, the connective 
tissue of organs, from the connective tissue of the brain 
and spinal cord, and from the sheaths of nerves. They 
are usually separated from the surrounding atmcturea by 
^ rery thin fibrous capsule, fine prolongationa from whidi 
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divide the growth into lobules of varioas sizes. In ex- 
ceptional cases they may increase by the continuous 
invasion of their matrix. Their growth is usually slow, 
but they may attain an enormous size. 

Secondaky Changes. — Of these the most common is 
rupture of the capillaries, hsBmorrhage, and the formation 
of sanguineous cysts ; this, however, is less frequent than 
in the sarcomata. The cells themselves may undergo 
mucoid or fatty degeneratioji, and thus be destroyed; 
this is usually accompanied by liquefaction of the inter- 
cellular substance. 

Vaeieties. — ^The varieties of myxoma depend princi- 
pally upon its combination with other growths. The 
most common is a combination with lipoma — adipose 
tissue being the tissue from which it most frequently 
originates. Combinations with sarcoma and enchondroma 
are also frequently met with. 

Physical Chaeactebs, &c. — ^The myxomata are of a 
peculiar sofb gelatiniform consistence, and of a pale 
greyish or reddish- white colour. Their cut surface yields 
a tenacious mucilaginous liquid, in which may be seen 
the cellular elements of the growth. They are most fre- 
quently met with in the later periods of life. Their most 
common seats are those of adipose and nervous tissue. 
Growing from the sheaths of nerves, they constitute one 
variety of so-caUed neuroma. They may also grow from 
the placenta, constituting the " uterine hydatids.*' When 
situated in superficial parts they may become peduncu- 
lated. In the submucous tissue of the nose, they consti- 
tute one form of nasal polypus. 

Clinical Chabactees. — Clinically the myxomata are 
for the most part benign growths. If completely removed 
they rarely recur. Sometimes, however, they exhibit 
malignant characters, and recur locally after removal. 
They probably never reproduce themselves in internal 
organs. 



CHAPTER XVI. 



THE UPOMATA, 




L new formation of adipose tismie conetituting 
obeaiiy, has alreadj been deacribed under " fatty inffltra- 
tion." A localized and circnmHcribed formation, eonati- 
tat«8 a lipoma or fatt; tomour. 

STancTURE. — The lipomata resemble in their strtictiire 
adipose tiHSne. (Fig. 36.) They consist ot cells containing 
fat, and a variable quan- 
tity of common connective 
tissue The cells like 
those of adipose ti^isne 
thoagh usually somewhat 
larger are more or less 
round or polygonal m 
shape and are distended 
with fluid fat The nu- 
cleus and protoplasm are 
BO compressed against the 
' cell wall by the fluid con 
tents, that although their 
5 may often be demonstrated by treatment with 
reagents, they are usually only rc-adily visible when the cell 
is atrophied and contains less fat. (See Fig. 3 a.) The 
connective tissue, which varies in amount, usually unites 
the cells in masses or lobules of various sizes, and also in 
most eases forms a t.^'n capsule aronnd the tumour. 
Blood-vessels are distributed in the fibrous septa. 
DevbliOFUXIHT. — The Upoii&e.>« grcra titisTa. connective 
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tissne. Adipose tissue, it must be remembered, is merely 
connective tissue containing numerous cells which are 
infiltrated with fat ; and its growth consists, either in the 
infiltration of more of these cells, or in a proliferation 
of the cells, and an accumulation of fat in those newly 
developed. A lipoma in the same way originates by a 
localised proliferation of cells, which as they are produced 
become infiltrated with fat. The growth of these tumours 
is always very slow, and they are usually encapsuled by a 
layer of fibrous tissue. 

Sbcondaey Changes. — Secondary changes in the lipo- 
mata are not common; their fibrous septa may, how- 
ever, become calcified, or even ossified, and the fatty 
tissue undergo a process of liquefaction. Softening may 
also occur from a mucoid change. Sometimes they 
become the seat of an inflammatory process ; then, when 
sitnated in the subcutaneous tissue, the skin over them 
becomes adherent and ulcerates, and a fungating mass is 
the result. 

Physical Characters, <fec. — The situation of the lipo- 
mata is almost co-extensive with that of adipose and 
connective tissue. They occur most frequently, however, 
in those parts in which fat is normally met with, as in 
the subcutaneous tissue and the inter-muscular septa. 
They are also occasionally developed in the subsynovial 
and subserous tissues, in the submucous tissue of the 
stomach and intestines, and even in internal organs. 
They sometimes attain an enormous size. They are 
lobulated, and are usually surrounded by a fibrous cap- 
sule which separates them from the adjacent structures. 
On section they present the ordinary appearance of adi- 
pose tissue. Their consistence varies with the amount of 
fibrous tissue which they contain. They are usually 
single, though not unfrequently multiple. In their 
growth they sometimes become pedunculated. 

Clinical Characters.— Clinically the AipoxaaXa ^"t^ 
jperfectljr innocent. 



CHAPTER XVII. 

TEE ENCHONDEOMATA. 

The Enchondromata, are tmnonrs histologioallj reeem- 
blmg cartd&ge 

SxBOcnjEE —Like carblage they consist of cells and 
an intercellular snbstance which preaeat all the varia- 
tions observed m the normal tissue. The inteTceUalar 
Pio 37 substance may be hyaline, faintly 

or distinctly fibrous, or mucoid. 
-, When fibrous, the fibres may be 

arranged like those of fibro-earti- 
*■ ^ lage or more or lees concentri- 

3y f^^^is— cally aronnd the cells as in the 

'""*^^'^ reticular cartilages of the ear and 

f®*^™ ^^7*™" laryni (Fig. 37.) The ceUs may 
be very nnmeroua, or few in pro- 
portion to the matni They are round, oval, spindle- 
shaped, or stellate In the hyaline forms they are 
usually large and round or oval; in the fibrous forma 
they are often smaller and even somewhat spindle-shaped, 
more resembling those of connective tissue ; and in the 
rarer mucoid torms, they are more commonly stellate and 
branched, like those of the umbilical cord. They are 
either single or arranged in groups, and- are usually sur- 
rounded by a capsule, though this is often very indistinct. 
They enclose one or more nuclei and slightly granular 
coatentB; sometimes a ceU-waU cannot he distinguished. 
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In addition to the intercellular substance, the growth itH 
usually divided into several lobes, by bands of fibrous 
tissue in which are contained the blood-vessels. These 
lobes are often very distinct, so that the growth appears 
to be made up of several separate tumours. The fibrous 
tissue in most cases also encapsules the growth and sepa- 
rates it from the surrounding structures. 

Development. — The enchondromata most frequently ori- 
ginate from bone and common connective tissue, very rarely 
from cartilage. Cartilage itself, and esi)ecially fibrous- 
cartUage, is very closely allied to common connective 
tissue. It grows from the deeper layers of the perichon- 
drium, which proliferate and form an embryonic tissue ; 
the young cells become cartilage-cells, and these pro- 
bably form the matrix, which is either homogeneous or 
fibrillated, constituting in the one case hyaline, and in 
the other fibrous cartilage. The development of enchon- 
droma from connective tissue is precisely similar to the 
physiological progress. 

In the development of echondroma from osseous tissue, 
the medulla is the source of the new growth. This pro- 
liferates, the osseous trabeculae are absorbed, the neigh- 
bouring medullary spaces open one into the other, and in 
this manner a large medullary cavity is produced. In the 
centre of this, the young cells first formed enlarge and 
become separated by a homogeneous, or less frequently, 
slightly fibnllated intercellular substance, and thus is 
produced a mass of cartilage in the centre of the medul- 
lary tissue. This gradually increases till ultimately a 
layer of fibrous tissue is formed around it, and its further 
growth takes place from the tissue of its capsule. 

Lastly, cartilaginous growths may originate from carti- 
lage itself. These are sometimes seen on the surface of the 
articular cartilages, in the larynx and trachea, and on the 
costal and intervertebral cartilages. They are simply 
local outgrowths from pre-existing cartilage. TYiey t^t^-^ 
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attain a large size, and in structure and physical charac- 
ters more closely resemble normal cartilage than the other 
forms of enchondroma. They are usually described as 
enchond/roses, and must be distinguished from the other 
forms of cartilaginous tumour. 

Secondary Changes. — Of these, calcification is much 
the most common. It affects different parts of the 
growth, commencing in the capsules, and then involving 
the intercellular substance. Ossification also occasionally 
occurs ; it commences at separate centres, and spiculae 
of bone are formed which traverse the tumour in various 
directions. Fatty degeneration and mucoid softening are 
common changes, and may lead tx) the formation of large 
softened masses which present the appearance of cysts. 
In rare cases the skin covering the tumour ulcerates, and 
a fungating mass protrudes. 

Varieties. — The varieties of enchondroma depend 
mainly upon the nature of the intercellular substance. 
There are thus hyaline, fibrous, and mucoid enchondro- 
mata ; these, however, are usually combined in various 
degrees in the same tumour. As a rule, those originating 
from the medulla of bone are of the hyaline and mucoid 
class, whilst those originating from connective tissue in 
other situations are more frequently fibrous. The rapidly 
growing fibrous forms approach very closely the confines 
of the sarcomata, the mucoid forms the confines of the 
myxomata; and these two kinds of growth are often 
associated in the same tumour. 

A variety of enchondroma has been described under 
the name of osteo-chondroma, which in structure more 
closely resembles bone than cartilage. It consists of a 
tissue similar to that met with between the periosteum 
and bone in rickets, which from its resemblance to osseous 
has been called osteoid tissue. This tissue only requires 
calcifying to become true bone. Like bone it is made up 
of trabecule and medullary spaces, but the trabecular, 
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instead of bone-corpuscles and lamellsB, consist of small 
angular cells without a capsule, situated in an obscurely 
fibrillated matrix, which in part is calcified. The medul- 
lary spaces contain a fibrous stroma and many blood-ves- 
sels. The osteo-chondromata, although consisting mainly 
of this osteoid tissue, contain also a small proportion of 
cartilage. They originate beneath the periosteum, their 
common seat being the ends of the long bones. Their 
growth is very rapid, and they often attain an enormous 
size. They are much more freely supplied with blood- 
vessels than the ordinary enchondromata, and hence they 
are much less frequently the seats of retrogressive 
changes. They are especially prone to become ossified 
and converted into true bone. 

Physical Characters, &c. — The enchondromata occur 
most frequently in early life. About three-fourths of 
them are met with in the osseous system, where they 
grow either from the medulla or from the periosteum: 
their favourite seat is the extremities of the fingers and 
toes. The remaining fourth occur most frequently in the 
parotid gland and in the testicle. They occasionally 
grow in the subcutaneous cellular tissue of the mamma, 
and in the lungs. They are usually single except when 
occurring on the fingers and toes, in which situations 
they are more frequently multiple. They consist of a 
single tumour, or of several smaller tumours held toge- 
ther by fibrous tissue. Their consistence is softer than 
that of cartilage, sometimes it approaches that of a soft 
jelly. Their growth is usually slow, though in the softer 
forms and in those growing in the medulla of bone, it is 
often very rapid. They may attain an enormous size. 

Clinical Characters. — The enchondromata must for 
the most part be regarded as innocent growths. Those 
homologous forms which originate from cartilage, and 
have been called " enchondroses," differ in all respects 
from the heterologous, and never exhibit ma^igiiaii\» Q)a3ar 
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ractersL The more heterologoiiB forms originating from 
oonnectzre tissiie and bone, are nsnally encapsnled, and 
in most cases produce merely local effects, although 
these, from the parts involTed and the rapidity of growth, 
are often Teiy injnrions. The softer forms, however, and 
espedaUy those which occnr in the medulla of bone, 
oocasionalty exhibit malignant characters. These grow 
the most n^idly, and are sometimes not limited by a 
fibrous ci^psule; they may therefore recur locally after 
remoTaL In veiy rare cases they have also infected the 
lymphatic glands, and recurred in the lungs. 

In speaking of the malignancy of the enchondromata, 
it must be borne in mind that these cartilaginous growths 
are sometimes associated with sarcoma ; so that whilst it 
must be admitted that pure enchondromata are in excep- 
tional cases malignant, the malignant properties ascribed 
to these growths are probably often due to the combina- 
tion with sarcomatous elements. 



CHAPTER XVIII. 

THE OSTEOMATA. 

The Osteomata or osseons ttunoiirs, are tmnours consist" 
ing of osseons tissne. A new formation of bone occnrs 
under various circumstances. Irritative conditions of the 
bone and periosteum are often attended by a large forma- 
tion of new bone. This is seen after fractures, in which 
there is not only a formation of bone from the bone 
itself, but also from the periosteum and adjacent fibrous 
structures (" permanent" and " provisional callus"). 
Chronic inflammation of the periosteum is also fre- 
quently followed by thickening of the bone beneath it. 
These, however, are inflammatory formations, and have 
not an independent growth like the osseous tumours. 

Stkuctuke. — Osseous tumours resemble in structure 
normal bone. There are three histological varieties : — 

1. The Ehv/rnated Osteomata. — These consist of dense, 
compact, osseous tissue. The lamellae are arranged con- 
centrically and parallel to the surface of the tumour. 
There is a complete absence both of blood-vessels and of 
cancellous tissue. 

2. The Compact Osteomata. — These are formed of a 
tissue similar to that of the compact tissue of the long 
bones ; differing only in the arrangement of the Haversian 
canals and canaliculi, which is less regular than in normal 
bone. 
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3. The CanceUotis Osteomata, — ^These consist of cancel- 
Ions osseons tissue, which is nsnallj snrronnded bj a thin 
lajer of denser bone. The mednllary spaces may contain 
embryonic tissne, a fibrillated tissne, or fat. 

Development. — Osseons tnmonrs originate from bone 
or its periosteum, from cartilage, and from connective 
tissne apart from bone. 

Yakieties. — ^The osteomata are divisible into two 
classes, according to their seat — ^the homologous osteo- 
mata or exostoses, and the heterologous osteomata or 
* osteophytes. 

The homologous osteomcUa or exostoses, are outgrowths 
from pre-existing bone, growing either from the peri- 
ostenm, from the articular cartilage, or from the medulla. 
Those growing from the periosteum occur most frequently 
on the external and internal surfaces of the skull: the 
orbit is an especially favourite seat, and here they are 
often dense and ebumated. They are also common on 
the upper and lower jaws, and in this situation they may 
grow from the dental periosteum. There is usually a line 
of demarcation between them and the subjacent bone, the 
new tissue of the tumour being distinct from the compact 
tissue of the bone. The periosteum from which they 
grow covers them, and is continuous with that of the old 
bone. 

The exostoses growing from the articular cartilages 
occur at the ends of the long bones. In structure they 
are much more cancellous than the periosteal growths, 
and their outline is less regular. The medullary exostoses 
— or more properly, enostoses — are the least frequent: 
they origiuate in the medullary tissue. 

The heterologous osteomata or osteophytes, originate 
apart from bone, growing from the connective tissue or 
from cartilage. They are especially liable to occur in 
tissues in the neighbourhood of bone which are the seat of 
a chronic inflammatory process, and they must in most 
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cases be regarded rather as inflammatory formations 
than as tnmonrs. Sach formations of bone are some- 
times met with in the neighbonrhood of diseased joints 
and of diseased bone in other situations, in tendons, in 
the cartilages of the larynx in chronic laryngitis, in the 
costal cartilages, in the bronchi, in muscle, in the arach- 
noid and pia mater, and even very occasionally in the 
longs and brain. They must be distinguished from cal- 
careous deposits, in which there is no new formation. 
(See " Calcareous Degeneration.") 

CuNiCAii Chaeacteks. — ^The osteomata are perfectly 
innocent tumours. Their growth is very slow. They 
rarely attain a large size. They are often hereditary and 
multiple, in which case they usually occur in early life. 
Those osseous growths which sometimes exhibit malig- 
nant characters, are sarcomata or cancers which have 
undergone partial ossification. From these, true osteo- 
mata must be carefully distinguished. (See "Osteoid 
Sarcoma" and " Osteoid Cancer.") 




CHAPTER XIX. 

THE LYMPHOMATA. 

The Lymphomata are new formations consisting of lym- 
pliatic, or, as it is sometimes called, adenoid tissne (the 
" adenoid tissne of His"). Lymphatic tissne is the tissne 
composing the follicles of the lymphatic glands and the 
Malpighian corpuscles of the spleen, and existing in many 
other parts belonging to the lymphatic system. This 
tissne is now known to have a mnch more general dis- 
tribution than was formerly supposed; it not only con- 
stitutes the follicles of the lymphatic glands and the 
Malpighian corpuscles of the spleen, but also Peyer's 
glands and the solitary glands of the intestine, the fol- 
licles of the pharynx and tonsils, the Thymus gland, and 
the trachoma glands of the conjunctiva. Recently it has 
also been found to exist in many other situations, as 
around the blood-vessels of the pia mater and of other 
parts, in the neighbourhood of the smallest bronchi, in the 
pleura immediately beneath its endothelium, in the peri- 
toneum, in the mucous membrane of the alimentary canal, 
and in the medulla of bone. 

Structuee. — Lymphatic tissue, wherever it exists, pos- 
sesses the same general structure, and the follicle of a 
lymphatic gland may be taken as the type, not only of 
the physiological tissue, but also of the pathological 
growths. 

This tissue consists essentially of a reticulum of 
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branched cells, witbin the meslieB of which ftre contained 
Ijmphatic elementa — the so-called Ijmph-corpusdea. The 
TeticQlmn is made up of vn; fine fibrila which form a 
close network, the meshea of whieh are only aofficiently 
large to enclose a few, or eren » single corpuscle, in each. 
The fibrils usually presfflit a more or less homogeneons 
appearance, and nuclei are to be distingoiBhed at the 
angles of the network (Fig. 38). The lymphatic 

Fio.38 




I^mplumui. — A, m thin Bsction of a lymphoma- 
tous tniDODT of the mtdiastiDum B, a aimilor 
section, from which soet of the Cflla have been 
removed by pencilling, so as to show the retitvi- 
laled networf, and the nuclei la its angles This 
network is mach mon BUtrked than that often met 
with, x 300. 

cells, or lymph-corpnacles, which constitate the greater 
part of the tissue, can in most cases be readily removed 
from the meshes of the reticnlum by the agitation of 
thin sections in water. They are identical in their 
characters with the white cells of the blood, and like these 
are contractile, and possess the power of spontaneous 
movement. As usually seen after death, they are sphe- 
roidal, pale, semi-transparent bodies, varying considerably 
in size, and also presenting slight differences in their 
stmctnre. Some are granular and appear to possess no 
nacleuB ; in others, a distinct, simple, or compound nnclens 
is visible, which is osnally also granular ; others again 
are much larger and contain two or even thteft uu<i.a. 
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The histological characters of the lymphomata, however, 
▼ary considerablj according to the age of the growth 
and the rapidity of its development. In the earlier 
stages of development, and when growth is taking 
place very rapidly, the proportion of lymph-corpuscles 
is great, and many of these are much larger thaii 
those normally met with in lymphatic glands, contain- 
ing two, or even several, nuclei (myeloid or giant cells), 
(Fig. 39.) In a more advanced stage, and also in all 

Fig. 39. 
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CeUs from a Lymphatic Growth in the Lher, 
Those to the left are the ordinaiy lymph- 
corpuscles which constituted the greater part 
of the growth. To the right are some of the 
larger multi-nucleated elements, x 350. 

tumours in which the process of development has been 
slow, the proportion of lymph-corpuscles is smaller, and the 
reticulum constitutes a more prominent part of the growth. 
The larger cell-forms also are almost entirely wanting ; 
and the reticulum, instead of being exceedingly delicate, 
is much coarser, and forms a network of broad homo- 
geneous or slightly fibrillated bands. As the reticulum 
increases the lymph-corpuscles gradually diminish in 
number and become arranged in smaller groups within its 
meshes. (See Fig. 79.) These variations in the propor- 
tion of corpuscles and stroma are precisely analogous to 
those met with in lymphatic glands as the result of acute 
and chronic inflammation, (See " Inflammation of Lym- 
phatic Structures.") 

Development. — ^The lymphomata originate for the most 
part from lymphatic tissue, being simply overgrowths of 
pre-existing lymphatic structures. At the same time it 

>]:obable that the new elements are in some cases partly 
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derived from migrated blood-corpuscles, wliicli multiply 
subsequently to tbeir escape from the vessels. (See 
"Leukaemia.") These growths are therefore usually 
homologous. They may, however, be heterologous, either 
owing to the new tissue extending considerably beyond 
the confines of the old, or to its growth in situations 
where it is normally almost entirely wanting. This latter 
condition obtains in Hodgkin's disease, and in certain 
forms of lymphoma which are malignant. 

Secondary Changes. — The lymphomata do not un- 
dergo marked retrograde changes. There is no fatty de- 
generation, caseation, or softening, such as occurs in 
scixifulous glands. 

Physical Characters, &c. — The physical characters of 
the lymphomata vary according to the rapidity of their 
growth. The rapidly growing forms, in which the cellu- 
lar elements are so numerous, are of a greyish-white 
colour and soft brain -like consistence, much resembling 
encephaloid cancer. These often attain an enormous size, 
and infiltrate the neighbouring structures. They have 
been called by Yirchow Vympho-sarcoma, Those which 
are more slowly developed, and in which the reticulum 
constitutes the greater portion of the growth, are much 
harder in consistence, sometimes beiag almost carti- 
laginous. These harder growths rarely attain a large 
size. 

• Clinical Characters. — Clinically, the lymphomata 
are, for the most part, perfectly innocent tumours. They 
originate most frequently in the lymphatic glands, the 
gland undergoing a continuous increase in size. Some- 
times the enlargement of the glands appears in the first 
place to be of an inflammatory nature, and to result from 
some irritation, but upon this being removed the glands, 
instead of subsiding, continue to increase. In most cases, 
however, no such source of irritation is disoov^T^AAa. 
The glands which are eapedsbUy prone to tibi&^e^^^,^^^ 

H 2 
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the cervical, the submaxillary, the axillary, the inguinal, 
the bronchial and mediastinal, and the abdominal glands. 
Usnallj only a single gland or a single gronp of glands is 
affected ; sometimes, however, the growth is more general. 
As the glands enlarge, they gradually unite, so that 
ultimately they may form very large lobulated tumours. 
The lymphatic structures in the intestine may in the 
same way become enlarged, and project so as to form 
polypi. The enlargement of the spleen in ague, is also 
probably of the same natore. The lymphomata occa- 
sionally, however, exhibit malignant properties. This is 
especially the case in those richly cellular, soft, rapidly 
growing forms which are sometimes met with. Such 
growths may infiltrate the surrounding structures even 
more rapidly than the most infective cancer, although 
they rarely infect distant parts. They are sometimes met 
with in the cervical glauds, but more frequently in the 
mediastinum, where they invade one or both luugs, and 
constitute the most common form of mediastinal tumonr 
(" Thoracic Cancer)." 

In the condition known as " Hodgkin's Disease," and 
in LeuksBmia, these lympbomatous growths are met with 
in various parts of the body. 



hodokin's disease. 



This disease is characterised by the enlargement of the 
lymphatic glands in various parts of the body, together 
with the development of l3rmphatic growths in internal 
organs, especially in the spleen and liver. The new 
growths are often known as lymphadenoma. They are 
precisely similar histologically to lymphoma. 

The disease was formerly described by Hodgkin, Bright, 
Wilks, and Trousseau, and was called, after the first-named 
of these observers, "Hodgkin's Disease." Trousseau desig- 
nated it " Ad^nie." It is also known as " AnsBmia Lym- 
j>batic&." JBecently its cliaxaiAtend«>Ucs have been more 
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fully determined by MM. Comil and Eanvier, and by 
Drs. Murchison* and Sanderson, to whose descriptions 
the reader is referred for more complete information re- 
specting it. 

Histologically, the new growths are precisely similar to 
those of leukaBmia. The disease differs essentially, how- 
ever, from lenksemia in this respect, that the new forma- 
tion of lymphatic tissue is not associated with any notable 
increase in the number of the white corpuscles in the 
blood. 

The lymphatic glands are usually the earliest seats of 
the new growth, and here it differs in no respect his- 
tologically from the lymphomata. At first it may be 
limited to a single group of glands ; subsequently, how- 
ever, the process becomes more general, and the glands 
throughout the whole body may be more or less involved. 
The glands as they increase in size gradually become 
confluent so as to form large lobulated tumours, and the 
new growth, which takes place in the earlier stages within 
their capsules, often ultimately extends so as to infiltrate 
the surrounding structures. 

This new growth of lymphatic tissue, which commences 
in and often extends beyond the confines of the lymphatic 
glands, is ultimately followed by the formation of lym- 
phatic growths in various internal organs, but more es- 
pecially in the spleen and liver. In the spleen, the Mal- 
pighian corpuscles become enlarged and form greyish- 
white nodules and masses. The kidneys, lungs, stomach, 
muscle, bones, ajid subcutaneous tissue may all become 
involved, the new growths occurring either as nodules of 
various sizes scattered through the organs, or in a more 
infiltrated form, like many of those met with in leu- 
kaemia. 

In their physical characters the new growths vary. 



• "Trans. Path. Soc. Lond.," vols. xx. au^xxx. 
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Tliej axe sometimes of a grejisli-wliite colonr and of a 
soft brain-Hke consistence, yielding a milky-jnice wbicli is 
rich in cellnlar elements precisely resembling leucocytes. 
In other cases they are mnch firmer in consistence, and 
they may be as hard as an indnrated lymphatic gland. 
These differences depend npon the relative proportions of 
the celja and stroma. They have but little tendency to 
undergo retrogressive changes^ 

LEUKiEMU. 

This disease, like Hodgldn's disease, is characterised 
by the development of lymphomatons tissue in various 
organs, but especially in the spleen. The growth of this 
new tissue, however, is associated with a large increase in 
the number of the white corpuscles in the blood. It is 
this alteration in the blood which gives leukasmia its dis- 
tinctive characters — ^hence its name. The disease will be 
considered subsequently, when treating of " Diseases of 
the Blood." 



CHAPTER XX. 

THE PAPILLOMATA. 

The Papilloma.ta are new formationa reBemblinf; in stnie- 
tare ordinarj papiUte, and lite these they grow from 
cntameona, muconfl, or serous surfaces. 

Stbdctuxe. — They conaist of a basis of, often riobly 
cellTilar, connectiTe iisane, supporting blood-vessels, which 




PaptUoma 8h w Dg a ainglo enlarged pap Ua. (Rmdfleiach.) 

t«niuiiate m a capillary network or ta a single capillary 
loop, the whole being enveloped in a co^eiuig c^ «^^4iW 
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linm (Fig. 40). The epithelial covering varies in charac- 
ter in different growths. In those of the skin, it is often 
very abundant, and the superficial layers are hard and 
stratified, forming a dense firm covering. In those 
originating from mncons snifaces, the epithelium forms a 
thinner investment, and is of a much softer consistence ; 
whilst in those growing from serous membranes it often 
constitutes only a single layer. 

The growth may be simple — consisting merely of en- 
larged papillae, as in a common wart ; or it may be more 
complex, the papillae being very numerous, and giving off 
secondary and tertiary offsets. If the investing epithe- 
lium be very abundant, it may so enclose the whole mass 
as to give to it a more or less regular outline. More 
commonly, however, this is not the case, and the epithe- 
lium not being sufficient to fill up the spaces between the 
papillaB, the growth presents a branched, villous, or cauli- 
flower appearance. The blood-vessels are often very 
numerous, and are sometimes dilated and tortuous. 

Development. — The papillomata always originate from 
the skin, from mucous, or from serous membranes. They 
most frequently grow from pre-existing papillae; some- 
times, however, they occur where no papillaB exist, spring- 
ing directly from the sub-epithelial connective tissue : — 
this is the case in the stomach and larynx. Their growth 
is usually slow. The individual tumours rarely attain a 
very large size, the larger forms being for the most part 
constituted of several smaller growths. 

Secondary Changes. — Of these, ulceration and haemor- 
rhage are the most frequent. They occur especially in 
those growths which originate from mucous surfaces. 
The haBmorrhage is often very abundant, and may even 
endanger life. This is not unfrequently the case in the 
papillary growths of the bladder and intestine. 

Vabieties. — The varieties of papillary tumours depend 
jE>ri22cipallj upon their seat. Those growing from the 



THE PAPILLOMATA. 169 

skin inclnde warts and homy growths. Warts are firm, 
have a dense epithelial covering, and are less prone to 
ulceration and haemorrhage than those growing npon 
other parts. Homy growths appear usnally to originate 
in the sebaceons follicles by a continuous proliferation of 
their epithelium. The epithelium, together with the 
sebaceous secretion, forms a projecting horn, which in- 
creases by growth at its base. Such formations hardly 
come within the definition of papilloma. Larger and 
more vascular papillary tumours may, however, occur on 
cutaneous surfaces — such are the condylomata and vene- 
real warts met with around the anus and upon the 
external male and female genital organs as the result of 
irritating secretions. 

The papillomata of mucous membranes are softer and 
more vascular than the preceding, they have a less dense 
epithelial covering, and are more prone to ulceration and 
hasmorrhage. Many of them come within the category 
of mucous pol3rpi. They are met with on the tongue, in 
the larynx and nose, on the gastro-intestinal mucous 
membrane, on the cervix uteri, and in the bladder. In 
the bladder and intestine they are often exceedingly 
vascular, and give rise to profuse haemorrhage. Here 
they are not unfrequently confounded with villous epi- 
thelioma. 

Papillomata of serous membranes never form distinct 
tumours. They are met with most frequently as small 
outgrowths from the synovial membrane in chronic 
diseases of joints. 

Clinical Characters. — Clinically, the papillomata are 
innocent growths. They may, however, prove fatal from 
continuous ulceration and haemorrhage : this is especially 
the case, as already mentioned, in papilloma of the 
bladder and intestine. In these situations they are easily 
mistaken for epithelioma ; the symptoms of both are very 
similar, and it is often only after death that tlcL^^ ^^^\^ 
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distingaislied. In the papillomata the epitheliiiin is homO" 
logou8,hemg situated only upon the eurface of the papillsa, 
and in no case growing wUhvn their connective tissue 
basis. In the epitheliomata, on the other hand, it is 
heteroloffau8, and is met with at the base of the tumour 
in the subjacent connective tissue. (See Fig. 52.) A 
growth which is primarily a simple papilloma may subse* 
quently become an epithelioma* (See *' Epithelioma.") 



CHAPTER XXI. 

THE ADENOMATA. 

Tab Adenomata — or as they are more commonly called, 
glandvlar tumours — are new formations of gland-tiBBue. 

Stbdctitee, — In strootare the adenomata resemble the 
racemose or tabular glands. They consist of nomerous 
ginall saccules or tabes lined with squaraouB or oylin- 
drical epithelial cells. These are grooped together, being 
merely separated by a small, thoagh varying, amount of 
connective tissue, in which are contained tlie blood- 
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vessels. (Fig. 41.) ]!d^y new growths, however, contain 
a large amomit of this gland-tissue which are not strictly 
adenomata. AH growths originating in glaQ.6LQla.T QT^aai& 
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hj lie ■— oriitcd wiUi more or less glandular stractnre. 
Ib the iMinina, for example, sarcoma, myxoma, and other 
ionas of tumour, are often so intermingled with the 
glaad-tiflsiie of the organ that it beoomes difficult to say 
wludi is the predomiBant structure. In many cases it is 
crideiit that the derd^^xment of such tumours is accom- 
panied by an increase of the gland-tissue amongst which 
ther grow. Thus are produced mixed forms — adeno-sar* 
cosMiia, ademo-mffotcwui, &c. 

Dktclopxext. — ^The adenomata always originate from 
pre-existing gland-structures, of which they are simply 
local hyperplasias. Their growth, which is usually slow, 
takes place by the development of diverticula from the 
saocnleB or tubules of the gland, and by a proliferation of 
the enclosed epithelium. The new growth may remain 
in intimate relation with the adjacent gland, or it may 
ultimately become separated from it by a fibrous capsule. 

Seconda&t Chaxges. — The most frequent of these is 
fatty degeneration of the epithelium, which may give rise 
to the formation of small caseous masses. in the growth. 
Dilatation of the saccules and tubules so as to form cysts, 
and mucoid softening, are also common. 

Varieties. — Adenoma of Mamma. — In the mammary 
gland two varieties of adenoma must be distinguished, — 
one, in which there is a general hyperplasia of the 
whole gland ; the other, in which the process is limited 
to smaller or larger groups of lobules. The former con- 
stitutes hypertrophy of the mamma, the latter is the 
chronic mammary or adenoid tumour. Pure adenoma of 
the mamma is not common. Many tumours in this 
situation described as adenomata are sarcomatous, fibrous, 
or myxomatous growths in which is contained a varying 
amount of gland-tissue. The distinction between such 
growths and pure adenoma is often difficult. The adeno- 
mata are either superficially or deeply seated in the 
gland^ from which they are usually separated by a loose 
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fibnraa capanle. They &re commonly round or oral in 
akape, lobnlar, and of a hard elastac coneistenca On 
Bection they often present a lobulated appearance, their 
racemoie Btmctnre being sometimea visible to the naked 

Adeno-Savcoma and Adeno-Fibroma of Mamma. — These 
are more common than pure adenoma. In them the con- 
nective tissae between the acini of the gland nnde^oes 
active changes, and forms a fibto-cellnlar, spindle-celled, 
or roand-celkd stmctnre, amongst which the acini ar« 




embedded (Fig 42 ) In many cases it is difficult to 
determine whether the glundnlar atracture la TeaXtj vii- 
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in amount, whilst in others it is so abundant 
that such is eyidentlj the case. These tnmonrs form 
lolmlated masses of a firm consistence. Thej grow 
alowlj, and rarelj nloerate. In most cases they contain 
cjsta. Many of these are lined with cylindrical epithe- 
lium and are formed by the dilatation of the dncts of 
the gland; others appear to originate from localised 
softenings of the tissue. These cysts are nsnaUy very 
numerous, and they often attain a large size. They are 
frequently seen much flattened so .as to * present the 
appearance of fissures running amongst the growth. 
In other cases they are more or less completely filled by 
masses of the tumour which have grown into their in- 
terior. This formation of cysts in these tumours has 
given rise to the terms cystic-sarcomay cystic-adenoma, &c. 

Adenoma of Mucous Membranes. — The glandular 
structures of mucous membrane are also common seats 
of adenoid growths. In the nose, the pharynx, the 
stomach, the intestines, the vagina and uterus, these 
growths are sometimes met with. In course of time 
they usuaDy gradually project above the surface of the 
membrane so as to form a polypus, and thus constitute 
one of the forms of mucous polypL In consistence they 
are soft and somewhat gelatinous, and often present a 
semi-translucent appearance. Their surface resembles 
in colour the surrounding mucous membrane. The for- 
mation in them of cysts, by the dilatation of their 
tubules, is exceedingly frequent : the cysts usually con- 
tain a soft mucoid substance. 

GuKiCAL CHA.RACTEBS. — Clinically, the adenomata are 
perfectly innocent ; they are, however, very liable to be 
confounded with growths possessing malignant proper- 
ties. A tumour, also, which is primarily a simple 
adenoma, may subsequently become cancerous. The 
anatomical distinction between cancer of a gland in ita 
earlier atagea and a simple glandular tumour is often 
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exceedingly difficult, especially in the mamma. In ca^r 
the growth appears to commence by a proliferation of the 
epithelium within the ducts of the gland, and as the 
epithelium only subsequently becomes heteroplastic, the 
determination of the nature of the tumour in this stage 
is necessarily attended with considerable difficulty. This 
will be again alluded to when speaking of 'cancer. (See 
" Structure of Carcinoma.") In sarcomatous tumours, 
again, originating in the connectiye tissue of a gland, 
the ducts of the gland filled with epithelium, are often 
seen embedded in the new growth, and thus the appear- 
ance of adenoma may be closely simulated. 



CHAPTER XXII. 

THE CABCIKOMATA. 

Thb Caicinomata, or Cancers, are new formations con- 
sisting of c^lls of an epithelial type, without any inter- 
cellular substance, groaped together irregularly within 
the alveoli of a more or less dense fibroid stroma. 

The term " ccmcer" has been so commonly applied inde- 
finitely to any growth possessing malignant properties, 
that " cancerous*' and " malignanV* have come to be re- 
garded by many as synonymous terms. It is important, 
however, clearly to distinguish between them. A cancer 
is a growth possessing the above-named definite struc- 
ture ; a malignant growth, on the other hand, is one 
which, independently of its structure, tends to reproduce 
itself in adjacent or distant tissues. (See " Malignancy.") 
•* Cancerous," is an anatomical term ; " malignant," is a 
clinical one. 

The Cancers include the four following varieties: — 
Scvrrhus, Encephaloid, Colloid, and Epithelioma, Of 
these, the first three possess the same general characters, 
although they present certain structural and clinical 
differences which serve to distinguish them. Epithelioma 
constitutes a more distinct variety. It will be well in 
the first place to describe the characters common to the 
larger and more important group, and then those which 
are peculiar to its individual members. Epithelioma 
will be considered subsequently. 

Strvctvbe* — In structure, scirrhus, encephaloid, and 
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colloid cancer so far resemble one another, that they all 
consist of cells of an epithelial type, without any inter- 
cellular substance, grouped together irregularly within 
the alveoli of a fibroid stroma. (See Fig. 46.) Although 
there is no distinct intercellular substance, a certain 
amount of liquid exists between the cells. It is this 
liquid which exudes from the freshly-cut surface of the 
cancer, and the number of cells which it contains give to 
it a milky appearance. 

The cells are characterised by their large size, by the 
diversity of their forms, and by the magnitude and pro- 
minence of their nuclei and nucleoli. (Fig. 43.) In size 

Pig. 43. 




CeUafrom a Scirrhtis of the Mamma, x 250. 

they vary from g^^ to yfoo ^^ ^^ "ich in diameter ; the 
majority being abjut five times as large as a red blood- 
corpuscle. They are round, oval, fusiform, caudate, poly- 
gonal — exhibiting, in short, every diversity of outline. 
These variations in form are principally owing to the 
mutual pressure to which in their growth they are sub- 
jected. The nuclei, which are large and prominent, are 
round or oval in shape, and contain one or more bright 
nucleoli. The nuclei are, perhaps, most frequently single ; 
two, however, are frequently met with, and in the softer 
and more rapidly growing cancers they may be much 
more numerous. The cells rapidly undergo retrogressive 
changes, hence they usually contain molecular laA*. 'Y>CkK^ 

N 
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ttre many of tliem exceedingly destructible, bo that soiue- 
times more free nuclei than cells are visible. Cella precisely 
eimilar to these are met with in other morbid growths, 
and also in the normal tdaanes. There is thus no apeeifie 
" cancer-cell." It is the general character of the ceUs, 
togetiier with their mode of diatribntion in the meahes of 
a fibroid stroma, that detenuinea the natnre of the growth 
to which they belong. The appearance presented by 
these cells grouped within the alveoli of the cancer aome- 
timea closely aimolates, in the earher atages of growth, 
that of aimple adenoma. (See Fig. 41.) In adenoma, 
however, the cells roaemble the epithelinm of the gland ; 
they are amaller, and leas irregular in size and shape, 
and less closely pacied than those of carcinoma. In 
many cases, indeed, they form merely a single layer 
lining the walls of the acini. 

The stroma varies considerably in amount, being much 
mora'abundant in some varieties of cancer than in others. 
It consists of a more or less dietinctLy fibrillated tissue, 




arranged so as to form alveoli of various forms and sizes, 
within which the cella are grouped. (Fig. 44.) Theae 



■i 



THE OAECINOMATA. 179 



alveoli commnnicate with one another so as to form a 
continuons cavernous system. The characters of the 
stroma vary with the rapidity of its growth : — if this is 
rapid, it will contain some round and spindle-shaped 
cells (see Fig. 48) ; if, on the other hand, it is slow or has 
altogether ceased, the tissue will contain but few cells, 
and will be denser and more fibrous in character. The 
latter is the condition in which it is most commonly met 
with. 

Within the stroma are contained the blood-vessels. 
These are often very numerous, and form a close net- 
work. They are limited to the stroma, and only in very 
exceptional cases do they encroach upon the alveoli.* 
This distribution of the blood-vessels is important as dis- 
tinguishing the cancers from the sarcomata. In the 
latter, the vessels are not supported by a stroma but 
ramify amongst the cells of the growth ; hence the facility 
with which these tumours become generally disseminated. 

In addition to the blood-vessels the cancers also possess 
lymphatics. These accompany the blood-vessels, and, as . 
has been shown by MM. Cornil and Ranvier, commu- 
nicate with the alveoli. This explains the great tendency " 
of cancer to infect the lymphatic glands. 

Development. — The question of the genesis of cancer 
involves that of the genesis of epithelium generally. It 
is maintained by many Histologists that epithelium can 
only originate from epithelium, and that the strata of 
cells set aside in the embryo for the production of the 
epithelial tissues is the source from which all epithelium 
is subsequently derived. Others admit that epithelium 
may also originate from connective tissue. (See "Develop- 



* In soft rapidly growing cancers the blood-vessels have occa- 
sionally been observed to project as tufts into the alveoli, fcJeo case 
reported by Mr. Marcus Beck and Mr. Arnott, "Trans. Pat,h.v§iVi<5.. 
Lond.," 1874, p. 224. 

N 2 
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ment of tlie New Fonnations.") A like difference of 
opinion exists as to the source of the epithelioid cells of 
cancer. By many — as Waldeyer, Thiersch, and Billroth 
— ^they are regarded as originating only from pre-existing 
epithelium. Others — amongst whom are Virchow, LUcke, 
Bindfleisch, and Klebs — maintain that they may also be 
derived from cells belonging to the connective tissue. 

The difficulty of determining the genesis of cancer, is 
partly owing to the fact that it so frequently originates 
in structures where epithelium is normally abundant, as 
in the mamma, skin, and alimentary canal ; and that this 
normal epithelium is always, from the earliest stage of 
the growth, the seat of active proliferation. In cancer of 
the mamma, for example, the first change often observable 
is an accumulation of epithelium within the dacts of 
the gland, a condition very similar to that already de- 
scribed as occurriDg in the development of an ordinary 
glandular tumour. (See " Adenoma.") Soon, however, the 
epithelium alters its characters. The cells become larger 
and more irregular in shape, and their nuclei are more 
ptominent. The epithelium is then found outside the 
ducts, amongst the inter- and peri-glandular connective 
tissue, which is also in a state of active proliferation, and 
is infiltrated with small round cells. The outline of the 
ducts ultimately becomes completely annihilated, and the 
epithelioid oeUs are seen in alveoli formed of a fibroid 
tissue. The qi^estion arises as to whether the epithelioid 
cells, which constitute the ultimate cancerous growth, 
originated from the epithelium normally existing within 
the ducts of the gland, which in the process of develop- 
ment has extended beyond the ducts into the surrounding 
tissue ; or whether they originated in the connective 
tissue — the proliferation of the glandular epithelium 
being merely a secondary process, and resulting from the 
irritation of the inter-glandular growth. 

In those rare cases in which cancer occurs primarily in 
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situations where no epitbelinin normally exists, as in the 
mednlla of bone and in lymphatic glands, it is difficult to 
maintain an epithelial origin. It must be admitted, how- 
ever, that the tendency which is exhibited by the cells of 
cancerous growths to maintain the type of the epithelial 
structures in the vicinity of which they grow, is greatly 
in favour of the view that they are derived from the epi- 
thelium. In cancers situated near the cutaneous surfaces, 
for example, the cells are usually of the squamous type, 
whereas in those growing in connection with the glands of 
mucous membranes, they more commonly resemble the 
epithelium of the gland. It must be borne in mind, also, 
that the characters of young epithelium are by no means 
well defined. It is impossible to draw a line of demarca- 
tion between young epithelial cells, and the small round 
cells which are so numerous in the growing stroma of the 
cancer. It would appear to be quite in accordance with 
our present state of knowledge to admit the probability 
of two different modes of origin of the epithelioid cells 
in cancer — one from epithelium, and the other from 
connective tissue ; in the former case the cells being more 
strictly epithelial, such as are met with in epithehoma ; 
in the latter, the epithelial characters being less marked, 
as in many forms of encephaloid and scirrhus. 

Epithelium and cells belonging to connective tissue are 
not the only elements, however, from which the cells of 
cancer may originate. Allusion has already been made 
to the researches of Dr. Creighton which show that in 
secondary cancers of the liver, the elements of the cancer 
originate directly from the liver-cells by a process of va- 
cuolation and endogenous growth. (See " Development of 
New Formations.") It is probable that, in the same way, 
the cells of other tissues will be found capable of ori- 
ginating cancer. 

The «<romo of cancer is partly a new growth, and partly 
the pre-existing connective tissue of the part in v(V^<^ 
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the cancer originates. It is probably in tbe main a new 
formation, and the pathology of its development will vary 
with that of the origin of the epithelial elements of the 
cancer. If the latter originate from epithelinm, the 
stroma may be regarded as the result of the irritation of 
the connective tissue by the infiltrating epithelial cells. 
If, on the other hand, the epithelial elements originate 
from connective tissue, the stroma must be regarded as 
a portion of the product of the connective tissue hyper- 
plasia. 

The cancers in their growth very rarely become encap- 
suled, but gradually infiltrate the surrounding structures. 
This process of infiltration is very characteristic, and is 
more marked in cancer than in any of the malignant 
growths. The epithelioid elements are seen infiltrating 
the tissues for some distance around the confines of the 
tumour, so that there is no line of demarcation between 
it and the normal structures. 

Secondary Cjianges. — The most important of these is 
fatty degeneration. This always occurs to a greater or 
less extent in all the varieties of cancer. The more rapid 
the growth, the earlier does this retrogressive change take 
place, and the greater is its extent ; hence it is usually 
most marked in encephaloid. It produces softening of 
the growth, which is often reduced to a pulpy cream-like 
eonsistence. Caseation, pigmentation, mucoid and col- 
loid degeneration may also occur. Calcification is very 
rarely met with. 

Varieties. — The term " cancer" was so vaguely applied 
by the older pathologists — nearly all malignant forma- 
tions being included under this head — that considerable 
confusion has resulted in the classification of cancerous 
growths. Peculiarities in situation, structure, and ap- 
pearance have given rise to special names, hence the 
terms — " osteoid" " chondroid'' " cystic," " villous" and 
" hcematoid" cancer. A cancer containing large quantities 
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of pig^ment waa described as a distinct varietj, Onder the 
name of melartoiie cancer. Melanotic cancer, howerer, 
is comparatively rare. The majoritj of Inmonra which 
are thns designated are in reality sarcomata. (See " Me- 
lanotic Sarcoma."] 

The moat convenient classification, and that which is 
now generally adopted, divides the cancers into fonr 
gronps: — scirrhouB, fibrfma, or chronic cancer; enc^ka- 
laid, mednllaTy, or acv,te cancer ; colloid or gelatiaiform 
cancer ; and epithelionia or cancroid. Thia diviaion ia 
based principally upon the relative proportion of the 
stroma, and upon the type of the epithelial elements. 

SCIflBHOUS CANCER. 

SorrAoiM, fibroag, or chronic cancer is characterised by 
the large omonnt of its stroma and hy the chronicitj of 
ita growth. The alowneaa in the development of acirrhns 
probably accounts in great measure for the peculiarities 
in ita struetnre and physical characters. 

The epithelial growth, although at first it may be 
luiariant, quickly subsides. The elements soon atrophy 
and undergo retrogressive changes. They are ttiost 
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kbnitd&iit in tiie eitemal portums of the tamonT, where 
growth u taUng place ; in the cential portdons thej may 




Sdrrtuu of t^ Afamma. — A portion of the 
tumour Bomewhat internal to tliat repreBented 
in Fig, 45. showing the ch&ndarislio alveo- 
imr atrnctnre of the cancer. " SOO. 

be almost entirely wanting. The accompanying figures 
(Fige. 45 and 46) show the appearaitces presented by 
gcirrhnfi of the mamma in. the earlier stt^es of its de- 
Telopment. 

The degeneration of the epithelioid elements is pro- 
bably owing to the eiceseive growth of the etroma, and 
to the Bnbseqnent indoration and contraction which it 
undergoes. It qnickly aesumee the characters of cica- 
tricial tdssne, and becomes hard and indniated. This 
cansea obstruction and obliteration of the blood-vessels 
which it contains, and it is probably to this interference 
with the TaBCnlar supply that the arrest in the develop- 
ment ot the cancer is owing. The whole ot the central 
portions of the growth may thns ultimately consist 
simply of dense fibroid tissue amongst which are 
contained atrophied epithelioid-cella and fatty debris 
(Fig. 47), the periphery being the only part where the 
epithelial structure is visible. The amount of atrophy 
and contraction varies considerably in different cases. 

The physical characters of scirrhus are in the same 
way due to the abundance of its stroma. The growth is 



BNCEPHALOID CANCER. 185 

firm and hard, and it ia often depressed in the centre, 
owing to the contraction of the fibroid tissue ; this is very 
chara^teriHtic of Bcirrhaa of the breast, where it caoses 




Sdrrlmi of ll\e Mamma.— A ae: 
more central portiODa of the tomDur, shonin^ 
the stropby of the epitbeliuid cells, the dimi- 
nution in the size of tlie alveoli, the fibroid 
tiBHne, and the fatty d^Ha. a, earlier at^e ; 
b, more sdranced. i 200. 

packering of the eaperjacent Btmctares. On section the 
tmnonr presents a greyish-white glistening snrfaee, aome- 
times intersected with fibroos bands. The more external 
are less firm than the central portions of the growth, and 
yield on scraping, a juice which is rich in nucleated cells, 
free nnclei, and granoles. 

Scirrhas is most commonly met with in the female 
breast, and in the alimentary canal — especially in tlie 
pylorns, wsopliagas, and rectum. It also occurs in the 
skin. It is nsnalty a primary tumoar, whilst the secon- 
dary growths to which it gives rise are commonly ence- 
phaloid. 

EN CEP HALOID CiNCBR. 

Eneephaloid, meduUary, or acale cancer, is very closely 
allied to the preceding, from which it diSers merely in 
the greater rapidity of its growth, and the consequent 
small amount of its stroma, and the softness of its con- 
sistence. Eneephaloid and scirrhus cannot be r^arded 
as in anyway constituting distinct vanetie«oi ttasuvst. 
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abimd&nt in the e]rteTiial portions of the tumour, where 
{(Towth is taking place ; in the central portions they may 




be ahnost entirely wanting. The accompanjing figures 
(Figa. 45 and 46} show the appearances presented bj 
BcirrhoB of the manuoa in the earlier stagea of its de- 
velopment. 

The degeneration of the epithelioid elemente is pro- 
bably owing to the excessive growth of the stroma, and 
to the sabseqnent induration and contraction which it 
undergoes. It quickly assumes the characters of cica- 
tricial tissue, and becomes hard and indorated. This 
caoses obstruction and ohhteration of the blood-vessels 
which it contains, and it is probably to this interference 
with the vascnlar supply that the arrest in the develop- 
ment of the cancer is owing. The whole of the central 
portions of the growth may thus ultimately consist 
simply of dense fibroid tissue amongst which are 
contained atrophied epithelioid -cells and fatty debris 
(Fig. 47), the periphery being the only part where the 
epithelial structure is visible. The amount of atrophy 
aoA contraction varies considerably in difierent cases. 

The physical characters of scirrhus are in the same 
way due to the abundance of ite stroma. The growth is 
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firm and htai, and it is often depressed in the centre, 
owing to the coutraetion of the fibroid tissue ; this is Terf 
ch&iacteTiBtic of BcirrhiiB of tlie breast, where it causes 




Sdrriiut of tie STamma. — A Bection fram the 
mora oeutnd portiouB of the tumour, ahaninK 
the atrophy of ths epithelioid cells, the dimi- 



puckering of the Bnperjacent stmctnrea. On section the 
tumour presents a greyish-white gUstening snrfoce, some- 
times intersected with fibrous bands. The more external 
are less firm than the central portions of the growth, and 
yield on scraping, a juice which is rich in nncleated cells, 
free naclei, and grannies. 

Scirrhns is most commonly met with in the female 
breast, and in the alimeafcary canal — especially in the 
pylorus, CBSophaguB, and rectum. It also occurs in the 
skin. It is nsnally a primary tumour, whilst the secon- 
dary growths to which it gives rise are commonly ence- 
phaloid. 



Encephaloid, medullary, or acute cancer, is very closely 
allied to the preceding, from which it differs merely in 
the greater rapidity of its growth, and the consequent 
small amount of its stroma, and the softness of its con- 
sistence. Encephaloid and scirrhns cannot be regarded 
as in any way constituting distinct varieties of cancer. 
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There are bU iatermediate stages between them, and the 
differenceB in the rapidity of their growth, and conee- 
quently in their Btructare and phyBical characters, con- 
stitute their onlj distinotive features. 

The epithelial growth in encephaloid is rapid and 
abundant, and the cells quickly undergo fatty degenera- 
tion, so that often more free nuclei than cells are vieible. 
The proportion of stroma is very small, and owing to the 
rapidity of its growth, it is much less fibrous than 
that of scirrhsa, and does not undergo a similar cieatri- 
cial cohtraction, {Fig. 48.) The blood-vessels are very 
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abundant, and the tissue supporting them being soft and 
non-resistant, htemorrhage readily takes place. 

Encephaloid cancer is of a soft brain-lite consisten(Se, 
the central portions, where fatty degeneration is most 
advanced, often being completely diffluent. The tumour 
is oilen more or less lohulated. On aectioii, it presents a 
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white pnlpy mass, mncli resembling brain-snbstance, 
which is often irregularly stained with eztravasated blood. 
Encephaloid is most frequently met with in internal 
organs, as a secondcMry growHi. It also sometimes occurs 
primarily, in the articular ends of bones, in the eye, in 
the testis, and in other parts. Many growths formerly 
described as encephaloid cancer, are soft sarcomata. (See 
"Bound-celled Sarcoma.") 

COLLOID CANCEB. 

The growths described under the name of colloid, 
alveolar, or gelatiniform cancer, although sometimes re- 
garded as constitutiug a distinct variety of cancer, are 
fiimply one of the preceding forms which have undergone 
a mucoid or colloid change. The frequency with which 
non-cancerous growths which have undergone these 
forms of degeneration have been confounded with colloid 
cancer has already been alluded to. (See " Colloid De- 
generation.") 

The alveolar structure in colloid cancers is very marked. 
The alveoli have very thin walls ; they are large, distinct, 
and more or less spherical in shape. This large size and 
distinctness of the alveoli is owing to their distension 
with the softened substance. Within them is contained 
the gelatinous colloid material, which is a glistening, 
translucent, colourless, or yellewish substance, of the con- 
sistence of thin mucilage or size-gelatin. In the main it is 
perfectly structureless ; within it, however, are embedded 
a varying number of epithelioid cells, which also contain 
the same gelatinous substance. (Fig. 49.) These cells 
present a peculiar appearance : — they are large and 
spherical in shape, and are distended with drops of the 
same gelatinous material as that in which they are 
embedded. (See Fig. 49.) Many of them display a 
lamellar surface, their boundary being marked by con- 
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etroyed in tie procesB, In other cases the cells, with 
the exception of slight fatty metamorphosis, are bnt 
little affected, and the sahatance distending the alveoli 
ifl more viscid and mucoid in character. This is due to 
a m.ncoid degeneration of the intercelltilaT substance, 
rather than to a colloid change commencing in the cells. 
{See " Mucoid Degeneration.") 

Colloid cancer is most frequently met with in the 
stomach, in the intestine, in the omentnm, and in the 

EFITHELIOUA. 

Epithelioma, cancroid, or epttheUal cancer, mnst be re- 
garded as constituting a much more distinct variety of 
cancer than either of the preceding. It differs from these 
in always growing in connection with a cutaneous or 
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rnncons snr&ice, and in its epithelial elements closely re- 
sembling tlie sqnamons variety of epithelimn. 

The cells of epithelioma are in the main indistinguish- 
able from those met with on the cutaneous surfaces, and 
on the mucous membrane of the mouth. They vary in 
size from ^^ to j^^ of an inch in diameter, the average 
being ^hs' They contain usually a single nucleus ; fre- 
quently, however, the nuclei are mxdtiple. (Fig. 50.) 

Fig. 60. 




Cells from an Epithelioma of the Lip. x 250. 



They are often considerably flattened and distorted in 
shape owing to the pressure to which in their growth 
they are subjected, but they never present those nume- 
rous varieties in outline which are met with in the other 
varieties of cancer, neither do they exhibit the same 
marked tendency to undergo fatty degeneration. The 
arrangement of these cells is pecuHar: — some of them 
are situated in irregular tubular- shaped lobules ; others 
are less regularly grouped in masses of various sizes 
amongst the meshes of a stroma. As the cells increase 
in number they tend to become arranged concentrically 
in groups so as to form globular masses. These masses 
are the " concentHc globes" or " epithelial nests/* which 
are so commonly met with wherever squamous epithelium. 
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is nndergoing rapid growth, and are so especially charac- 
teristic of epithelioma. As the epithelium multipliea, 
the peripheral layers of cells become flattened, by preesnre 
idgainst the snrronnding stmctiires, whilst those in the 
centre remain more or less spherical in shape hke those 
of the deeper layers of the epidermis. (Fig. 51.) The 
fjdls may be so closely packed as ultimately to become 

Fio, 51. 




globes 



hard aJid dry like those of the nails and hair, and the 
globes are then of a browaish-yellow colour and of a firm 
consistence. These globes are often large enough to be 
readily visible to the naked eye, and owing to the arrange- 
ment of the epidermic scales, they usually present a 
£broaa appeara,nce. 
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The stroma presents every variation between rapidly 
growing embryonic, and an incompletely fibrillated tissue. 
It may be tolerably abundant, or almost entirely wanting. 
It rarely forms such a marked alveolar structure as that 
which characterises the other varieties of cancer, but 
usually consists simply of a small-celled infiltration sur- 
rounding the epithelial elements, which may ultimately 
become developed into a more or less completely fibril- 
lated tissue. (Fig. 52.) 

"With regard to the development of epithelioma — there 
can be no doubt that its epithelial elements are derived 
from the epithelium of the skin or mucous membranes, 
or from that of the glands which are situated in these 
tissues. The growth commences by a proliferation of this 
epithelium, which as it increases becomes heterologous, 
extending beyond the normal limits into the subjacent 
connective tissue, and even into muscle, bone, and other 
structures (Fig. 52) ; and it is in this heterologous develop- 
ment of epithelium which is the essential characteristic 
of epithelioma. This extension of the epithelium into 
the subjacent connective tissue produces in the latter an 
irritative growth, and thus the groups of epithelial ele- 
ments are always surrounded by a small-celled ("indif- 
ferent") tissue, the small-celled growth preceding the 
epithelial invasion. (Fig. 52.) 

Epithelioma usually presents itself in the first place 
either as a small foul ulcer with indurated edges, or as a 
subcutaneous induration or nodule which subsequently 
ulcerates. The surface of the ulcer is frequently papil- 
lated and villous, owing to the irregular growth of the 
corium. The tumour itself is firm in consistence, often 
more or less friable, and on section presents a greyish- 
white granular surface, sometimes intersected with lines 
of fibrous tissue. The cut-surface yields on pressure a 
small quantity of turbid liquid, and in many cases also 
a peculiar, thick, crumbling, curdy mat^iiai c»."Dl \i^ ^jl^ 
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pressed, which oftea comes ont in a wonn-like sliape like 
the sebaceous matter from the glands of Uie skin. This 
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latter IB Toj duBBcieristie. It is composed of epithelial 
acalesy and on bemg mixed with water it does not diffuse 
itself like the jinee of odier cancers, but separates into 
minute TisiUe partides. If it is very abundant, the 
cancer is s(^ and friaUe, and the material can be seen 
in the cnt-saiface as small scattered opaque dots. 

Epithelioma has its primary seat in the immediate' 
▼idnity of the cntaneons or mncoos surfaces; and it 
appears in many cases to owe its origin to some external 
source of irritation. It is most frequently met with in 
the lower 1^ at the junction of the skin and mucous 
membrane, on the tongue, prepuce, scrotum ("chimney- 
sweep's cancer"), labia, eyelids, cheeks, and in the uterus 
and bladder. As it extends it may involve any tissue— 
lymphatic glands, muscle, bone, and tendon may be alike 
implicated. It very rarely occurs in internal organs. 

CyUndrieal EpUheliomcu — ^This term has been applied 
to those forms of epitheHoma which grow from muoouf 
membranes with columnar (cylindrical) epithelium, as from 
those of the stomach and intestines. In these tumours the 
epithelial elements are similar to those of the mucous 
membrane from which they grow. They are cylindrical 
in shape, and are often arranged on the walls of the 
alveoli in a manner precisely analogous to that of the 
columnar epithelium on the mucous surface. Thoro is 
rarely a formation of concentric globes, and the growths 
are of a soft, and often gelatinous consistence. The dis- 
tinction between these and simple adenomata is oftou 
exceedingly difficult. 



Cltnical Characters op the Cancers. — In speak- 
ing of the clinical characters of the cancers, it is im- 
portant in the first place to make a distinction between 
epithelioma and the other varieties. Epithelioma, at 
far as its malignancy is concerned, occupies a very 
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inferior poBition to scirrlins, encephaloid, and colloid. 
These latter varieties of cancer possess in the highest de- 
gree malignant properties. They extend locally, invading 
indiscriminately the tissues amongst which they . grow, 
and reproduce themselves in the lymphatic glands and in 
internal organs. In th^ process of dissemination, however, 
they present some peculiarities which distinguish them 
from growths which are sometimes equally malignant — 
viz., the sarcomata. The cancers are characterised by 
their great tendency to reproduce themselves in the 
neighbouring lymphatic glands. This implication of the 
lymphatics is much more marked than in the sarcomata, 
in which it but comparatively rarely occurs, and this is 
probably owing to the communication of the lymphatic 
vessels with the alveolar spaces of the cancerous growth. 
The general dissemination in internal organs, on the other 
hand, is often effected much less readily in cancer than in 
sarcoma, yid the course of the former is therefore some- 
times more protracted than that of the latter. This 
difference is explained by the difference in the distribution 
of their blood-vessels : — in cancer, these are contained in 
the stroma and very rarely come into contact with the 
cells of the growth; whereas, in the sarcomata, they 
ramify amongst the cells, and their walls being composed 
of thin embryonic tissue like that of the growth which 
they supply, dissemination through the medium of the 
blood is rapidly and readily effected. In cancer, the lymph 
being scf important a medium of infection, the reproduction 
of the growths in internal organs may be considerably 
delayed ; the progress of the disease becomes arrested by 
the lymphatic glands, and its further dissemination is 
often only effected after these have become very generally 
and extensively involved. 

With regard to the difference in the clinical charac- 
ters of these three varieties of cancer — the dissemination 
of encephaloid takes place much more rapidly than that 
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of Bcirrlms owing to the greater rapidity of its growth, 
its greater vascularity, and the greater activity of its 
epithelial elements. Colloid is somewhat inferior in the 
degree of its malignancy to both scirrhns and encepha- 
loid. 

Epithelioma is of all the cancers mnch the least malig- 
nant. It extends locally, and may a£fect the neighbour- 
ing lymphatics, but it comparatively rarely reproduces 
itseH in internal organs. This is probably owing to the 
size and character of its epithelial elements, which render 
them much less liable to be transmitted by the blood and 
lymph-streams than are the cells of the other varieties of 
cancer. 

In all the varieties of cancer there is a tendency for the 
secondary growths to repeat the characters of the primary 
one. This is most marked in epithelioma. This, in repro- 
ducing itself, invariably maintains its primary dtvAracters. 
In scirrhus, the secondary growths in internal organs afe 
usually more rapidly developed than the primary tu- 
mour ; they are consequently softer and more vascular, 
and in accordance with the distinction which has been 
made between scirrhus and encephaloid, they must be 
regarded as belonging to the latter variety of cancer. 
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CHAPTER XXIII. 

THE MYOMATA, NEUROMATA, AND ANGIOMATA. 

THE MYOMATA. 

The mjomata are tumours consisting of muscular tissue. 
A new formation of muscle has been already described 
as being frequently associated with the ordinary process 
of Hypertrophy, both of striated and of non-striated 
muscle— a simple hyperplasia of the elements of the 
muscle accompanying the increase in their size. (See 
" Hypertrophy.") 

Structure. — The myomata consist either of striated or 
of non-striated muscle. The former are exceedingly rare, 
only two or three examples having been recorded, and 
these were congenital. 

The myomata of non-striated muscle consist, like the 
physiological tissue, of elongated spindle cells with rod- 
shaped nuclei, more or less isolated or grouped into fas- 
ciculi of various sizes, with a varying quantity of con- 
nective tissue. The connective tissue is often exceedingly 
abundant, especially in old tumours, so much so, that 
these growths in the uterus — ^where they most frequently 
occur — have commonly been known as "fibroid'' tumours. 
The muscular elements either present a more or less 
regular arrangement, or pass in all directions through 
the tumour. The blood-vessels, which are usually not 
numerous, are distributed in the connective tissue. 

Development. — The myomata probably always origi- 



THE NEUROMATA. 197 

nate from muscle, they are therefore'homologous growths. 
They may form distinctly circumscribed tumours sur- 
rounded by a fibrous capsule, or constitute ill-defined 
irregular masses in the midst of the muscular tissue in 
which they grow. They not infrequently become pedun- 
culated and form polypi, especially in the uterus. 

Secondary Changes. — Of these, the most frequent is 
calcification. Haemorrhage, mucoid softening, and the 
formation of cysts, are also occasionally met with. 

Myomata are most frequently met with in the uterus. 
They may also occur in the prostate, in the oesophagus, 
and in the stomach and intestines. 

Myoma of Uterus. — The uterus is by far the most fre- 
quent seat of myomata, and here they constitute the so- 
called "uterine fibroid." In many of these muscular 
tumours of the uterus there is a large proportion of 
connective tissue — ^hence the term "fibroid." * This is 
especially the case in older growths. Those newly deve- 
loped, however, consist almost entirely of true muscular 
tissue. They either form firm hard masses, imbedded in 
the uterine walls, or project into the uterine or abdominal 
cavities. When projecting into the uterus they consti- 
tute a common form of uterine polypus. These tumours 
are often multiple. Their growth is slow. The older 
ones are liable to become calcified. They also sometimes 
undergo mucoid softening which gives rise to the forma- 
tion of cysts in the tumour. 

Clinical Characters. — Clinically, the myomata are 
perfectly innocent. 

THE NEUROMATA. 

The neuromata are tumours consisting almost entirely 
of nerve-tissue. The term " neuroma " has been appHed 
to many growths found in connection with nerves : — 
fibrous and gummy tumoujrs growing within the nerve- 
sheath, and many myomata, have been m"5^^^<i^ ^is^^st. 
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this head. True neuroma, however, is rarely met witli, 
and is amongst the least frequent of all the new fonaa- 
tions. 

Structueb. — ^The neuromata most commonly consist 
of ordinary medullated nerve-fibres; they therefore re- 
semble in structure the cerebro-spinal nerves, from which 
they most frequently grow. Yirchow has also described, 
as exceedingly rare formations, tumours composed of 
non-medullated fibres, and of ganglionic nerve-tissue. 

Development. — The neuromata always originate from 
pre-existing nerve-tissue, — either from the cranial or from 
the spinal nerves. Their growth is slow, they rarely 
attain a large size, but usually exist as small single 
nodules. 

The most frequent seat of these growths is the extremi- 
ties of divided nerves, where they are sometimes found 
after amputations. They exist, in this situation, as sphe- 
rical or elongated enlargements of the divided extremity 
of the nerve ; and they are usually intimately connected 
with the cicatricial tissue of the stump, from which they 
can only with difficulty be isolated. They may also occur 
in the course of the nerves in any situation, either as 
single or multiple nodules. 

Clinical Characters. — Clinically, the neuromata are 
perfectly innocent tumours. They always cause con- 
siderable pain. 

THE ANGIOMATA. 

The angiomata, or vascular tumours, are tumours con- 
sistiug of blood-vessels held together by a smaU amount 
of connective tissue. They include the various forms of 
nsBvi, the erectile tumours, and aneurism by anastomosis. 
They may be divided into two classes — the simple angio- 
mata, in which the new vessels resemble normal arteries, 
veins, or capillaries; and the cavernous angiomata, in 
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which the blood circulates in a cavemons stmcture similar 
to that of the corpus cavemosTun penis. 

Simple Angiomata. — These include the various forms 
of nsBvi, and telangiectasis. They consist of tortuous and 
dilated blood-vessels, held together by a small quantity 
of connective and adipose tissue. The vessels are most 
of them of new formation ; some, however, may be the 
original vessels of the part which have become conside- 
rably enlarged. They most commonly partake of the 
nature of capillaries, but in other cases thd arterial or 
venous characters predominate. These growths are 
usually small, superficial, slightly elevated masses ; 
although they sometimes form larger tumours. Their 
colour is red, violet, or purple, according to the character 
of the blood which they contain. The first named is 
much the most frequent. 

Cavernous Angiomata. — ^These include the venous 
vascular tumours, erectile tumours, and aneurism by 
anastomosis. They consist of an erectile cavernous 
tissue, closely resembling that of the corpus cavernosum 
penis. The growth is made up of irregular fibrous 
alveoH, which communicate freely with one another, and 
are lined with an endothelium similar to that of the veins. 
These spaces are distended with blood, usually venous, 
which is supplied to them by numerous tortuous vessels, 
and circulates in them with varying degrees of rapidity. 
These growths are commonly of a bluish colour. They 
may be difi^use, or form distinctly circumscribed tumours. 
They often exhibit distinct pulsation. Their favourite 
seat is the skin and subcutaneous tissue. They may 
also occur in the orbit, in muscle, and in the liver, spleen, 
and kidneys. 
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CYSTS. 

In addition to the new growths already described, there 
is a large class of formations, many of which cannot be 
regarded as " tumours" in the strict application of this 
term. These are the cysts or cystic tumours, 

A cyst is a cavity containing liquid or pultaceous 
material, which is separated from the surrounding struc- 
tures by a more or less distinct capsule. It may be a 
new formation, or a pre-existing structure which has 
become distended by its own secretion, or by extrava- 
sation into it. The former, only, comes within the 
category of new growths, although, for the sake of con- 
venience, it will be advisable to consider them both under 
one head. 

There are thus two principal modes by which cysts 
originate — one, the most frequent, by the gradual accu- 
mulation of substances within the cavities of pre-existing 
structures, which are, for the most part, products of their 
own formation, being in some cases a secretion, and in 
others a cell-growth ; the other, by the independent for- 
mation of a cyst in the tissues. 

TJie accu/mulation of secretions and of other products 
withm pre-existing cavities, m&j be effected in the three 
following ways : — 

1st. By the retention of the normal secretion owing to 
the closure of the excretory ducts— as so often occurs in 
sebaceous glands. 
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2nd. By excessive secretion, the cavity being nnpro- 
vided with an excretory dnct — as in the formation of a 
bnrsaB. 

3rd. By the extravasation of blood into the cavity — as 
in hsBmatocele. 

The independent formation of a cyst may take place — 

1st. By the softening and liquefaction of the tissues in 
some particular part, owing to mucoid or fatty changes. 
Tlie tissues around the softened matters become con- 
densed, and ultimately form a kind of cyst-wall. 

2nd. By the enlargement and fusion of the spaces in 
connective tissue, and the accumulation of fluids within 
them. The surrounding tissue becomes condensed, and 
forms a cyst- wall ; and this may, in some cases, become 
lined with secreting cells. 

3rd. By the formation of a cyst- wall around foreign 
bodies, parasites, or extravasated blood. 

Structure. — The wall of the cyst will vary in its 
nature according as it is a pre-existing or a newly-formed 
tissue. In the former case, it will possess an epithelial 
lining which will present the same characters as that of 
the gland, serous membrane, or other structure, from 
which the cyst originated. If the cyst is a new growth, 
it rarely possesses an epithelial lining, but consists simply 
of a fibrous capsule. The cyst- wall is sometimes firmly 
connected with the adjacent parts, so that it can only 
with difficulty be separated ; in other cases, the union is 
much less intimate. Instead of being a distinct structure, 
it may be simply the surrounding tissue which has become 
dense and fibrous in character. 

The contents of cysts are very various, and may serve 
as a basis for their classification. In the retention-cysts, 
they will vary with the nature of the normal secretion — 
serum, sebaceous matter, saliva, milk, seminal fluid, and 
other substances are thus found in these cysts, more or 
less altered in character from being Te>\aui3aft^ m ^ 0^q«*^ 
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cavity. In tlie exudation-cysts, serum is the most fre- 
quent constituent ; and in extravasation-cysts, blood. In 
those cysts which originate from the softening and break- 
ing down of tissue, the contents are the products of retro- 
gressive tissue-metamorphosis, and usually consist largely 
of mucin, fatty matters, and serum. 

Secondary Changes. — These may take place in the wall 
of the cyst, or in its contents. The cyst-waU itself may 
become the seat of new growths, and produce secondary 
cysts, villous, glandular, and other structures : — ^this 
occurs in many compound ovarian cysts. It may also 
be the seat of an inflammatory process, which terminates 
in suppuration and granulation, and by this means the 
cyst frequently becomes obliterated, its contents being 
either absorbed or discharged externally, and the cavity 
closing by granulation. Calcification and ossification of 
the wall may also occur. The contents of cysts undergo 
various changes, owing to their retention in a closed 
cavity. The secretions become altered in character, 
thickened and viscid. Epithelial elements undergo fatty 
changes, and so give rise to cholesterin crystals. Cal- 
cification of the contents is also common. 

Cysts may be simjpU or compound, A simple cyst 
consists of a single loculus. A compound or multilocular 
cyst is one consisting of numerous loculi, which either 
communicate with one another, or remain isolated. Ano- 
ther variety of compound cyst, consists of a cyst with 
endogenous growths, the larger cyst having others grow- 
ing from its walls. A compound cyst may become a 
simple one by the destruction of its walls. 

Cysts are frequently associated with other growths, 
hence the terms — " cystic-sarcoma," " cystic-cancer," &c. 
It is especially in those growths which originate in glan- 
dular structures, as in the mamma, testicle, and ovary, 
that this combination is met with. The cystic develop- 
ment may almost entirely obliterate the structure of the 
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tumour in which it takes place, so that ultimately the 
latter becomes converted into a combination of cysts. In 
other cases large portions of the tumour grow into the 
cystic cavities. Considerable difficulty is thus not unfre- 
quently caused in determining the nature of the original 
growth. 

Classification.— Cysts may be most conveniently clas- 
sified according to their mode of origin, thus : — 

CLASSIFICATION OF CYSTS. 

I. Cysts formed hy the accumulation of substances 
within the camtiss of jpre-existing structures, 

A. Eetention Cysts. — Cysts resulting from the re- 

tention of normal secretions. These include — 
a. Sebaceous Cysts. — These are formed by the re- 
tention of secretions in the sebaceous glands. 
Such are comedones and atheromatous tu- 
mours. 
p. Mucous Cysts, — ^These are formed by the reten- 
tion of secretions in the glands of mucous 
membranes. 
y. Cysts from the retention of secretions in other 
paHs, including — Banula, from occlusion of 
the salivary ducts; Encysted Hydrocele, from 
occlusion of the tubuli teptis; cysts in the 
mammary gland, from obstruction of the 
lacteal ducts; simple and some compound 
cysts of the ovary, from dilatation of the 
Graafian follicles; and simple cysts of the 
liver and kidneys. 

B. Exudation Cysts. — Cysts resulting from exces- 

sive secretion in cavities unprovided with an 
excretory duct. These include Bursas, Ganglia, 
Hydrocele, and many cysts in the broad liga- 
ment. 
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C. ExTRAYASATiOH Ctsts. — Cysts resnlting from 
extrayasation into closed cayities. These in- 
dnde Hssmatocele, and some other forms of 
sangnineous cysts. 
IL Cygts of independent origin. 

A- Cysts from Softening op Tissues. — ^These are 
especially common in new formations, as in 
enchondroma, lipoma, sarcoma, &c. 

B. Cysts from Expansion and Fosion op Spaces 

IN Connective Tissue. — These include — 
a. BurscB, originating from irritation and exuda- 
tion into the tissues. 
/3. Serous cysts in the neck (often congenital). 
y. Many compound ovarian cysts.* 

C. Cysts formed around Foreign Bodies, Extra- 

VASATED Blood, and Parasites. 

D. Congenital Cysts. — These include many Der- 

moid cysts. These appear often to be the 
remains of blighted ova. They contain &.tty 
matters, hair, teeth, bones, <&c. 



• See Dr. Wilson Fox, on Cystic T amours of the Ovary, " Med. 
Ohir Soc. Trans.," vol. xlvii. 



CHAPTER XXV. 

INFLAMMATION. 

The morbid processes which have thus far been described 
have been mainly characterised by some alteration in the 
normal nutrition of the histological elements ; either by a 
diminution in their nutritive activity — as in atrophy 
and the degenerations, or by an increase — as in hyper- 
trophy and the new formations. In the process of 
inflammation an alteration in nutrition also plays a 
prominent part, but changes in the blood-vessels and in 
the circulation are its essential and most important con* 
stituents.* 

Inflammation is the succession of changes which takes 
place in a tissue as the result of some kind of injury, 
provided that this injury be insufficient immediately to 
destroy its vitality. With regard to the nature of the 
injury — it may consist in some direct irritation of the 
tissue, either by mechanical or chemical agents, or by 
substances conveyed to it by means of the blood-vessels 
or lymphatics ; or in an indirect irritation, as in some 
cases of inflammation of internal organs arising from ex- 
posure to cold. In all cases, however, some injurious 
stimulation of the tissue precedes the occurrence of the 
local changes which constitute the inflammatory process. 



• With regard to the general pathology of Inflammation, the 
reader is especially referred to the works of Virchow, Oohnheim, 
Strieker, and Burdon-Sanderson. The most able article by Professor 
Sanderson, in the fifth volume of " Holmes's System of Surgery," 
contains an admirable exposition of what is known on the 8ub\ect« 
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The exact nature of these changes has, for the most 
part, been ascertained during the past eight years, mainly 
owing to the experimental researches of Professors 
Cohnheim, Strieker, and Burdon- Sanderson. The method 
of investigation has consisted in the artificial production 
of inflammation in the lower animals, and the obser- 
vation of the process as thus induced. The process 
comprises — 

Ist. Changes in the hlood-vesseh and circulation, 

2nd. Exudation of liquor sanguinis and migration of 
blood- corpuscles ; and 

3rd. Alterations in the nutrition of the inflamed tissue. 

It will be well, in the first place, to consider each of 
these separately, in the order in which they occur, and 
subsequently to endeavour to point out how far a causal 
relation exists between them. 

I. Changes in the Blood-vessels and Oirculation. — 
Changes in the 'blood-vessels and circulation, resulting in 
increased vascularity, have ever been regarded as playing 
a most important part in inflammation, as upon them 
principally depend those signs of the process which are 
most obvious during life. The redness, heat, and swell- 
ing, which are so constantly met with in inflamed tissues, 
are in great measure due to the attendant hyperaemia. 
The swelling, however, is in most cases dependent rather 
upon the effusion and cell-growth than upon the over- 
fulness of the blood-vessels. 

These changes in the blood-vessels and circulation are 
essential constituents of inflammation, both in vascular 
and in non-vascular tissues. In the latter, which com- 
prise the cornea and cartilage, they take place in the 
adjacent vessels from which these tissues derive their 
nutritive supply. The nature of these vascular changes 
has been studied by the artificial production of inflamma- 
tion in transparent tissues, in which the circulation can be 
readily observed : the web, mesentery, and tongue of the 
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frog, and the wing of the bat, being most convenient for 
this purpose. The phenomena, as observed in the mesen- 
tery of the frog, which has been previously curarised, may 
be thus briefly described : — 

The first effect of irritation of the mesentery — ^mere ex- 
posure to the air being sufficient for the purpose — is to 
cause dilatation of the arteries, and after some interval, 
a similar dilatation of the veins and capillaries. The 
dilatation of the arteries commences at once, and is not 
preceded by any contraction. It gradually increases for 
about twelve hours, and is accompanied also by an in- 
crease in the length of the vessels, so that they become more 
or less tortuous. This enlargement of the blood-vessels 
is associated at the commencement of the process with an 
acceleration in the flow of blood ; this, however, is soon 
followed by a considerable retardation in the circulation, 
the vessels still remaining dilated. These alterations in 
the rapidity of the blood-flow cannot be owing to the 
increase in the calibre of the vessels, which remain through- 
out dilated. 

In his more recent researches on inflammation, Cohn- 
heim has shown that the dilatation of the vessels and the 
increased velocity of the blood-current which ensue im- 
mediately after the infliction of ^e injury are only tem- 
porary and accidental, and that they are not necessarily 
followed by the retardation of the circulation. They may 
even, in some cases, be followed by contraction before the 
permanent dilatation commences. The dilatation and di- 
minished velocity, on the other hand, come on slowly and 
are pei*manent, and these must be regarded as the proper 
vascular phenomena of inflammation. These proper phe- 
nomena may be induced without the previous occurrence 
of the accidental ones.* 

The retardation of the circulation in the dilated ves- 



• '*Neue Untersuchungen ilber die Entziindung. " Oolinlieim, 1873. 
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eels sometimes commences somewhat suddenly, and it iB 
nsually first observable in the veins. It gradually in- 
creases, nntil ultimately in some of the capillaries the 
blood-stream completely stagnates. This constitutes the 
condition known as inflammatory stasia. 

As the circulation becomes slower, the white blood- 
corpuscles (leucocytes) accumulate in the veins. Their 
natural tendency to adhere to the sides of the vessel is 
increased, so that they may nearly fill the tube. At the 
same time they exhibit active movements, by means of 
which they penetrate the walls of the vessels and pass 
into the surrounding tissues. Having escaped, they con- 
tinue to exhibit active movements, and they may multiply 
by division. The red corpuscles also accumulate, more 
especially in the capillaries, and they likewise escape 
through the walls of these vessels, although in smaller 
numbers than the white. The mesentery thus becomes 
so filled with escaped corpuscles that but little else is to 
be distinguished. These phenomena will be described 
under the head of " Exudation of Liquor Sanguinis and 
Migration of Blood-Corpuscles." 

Stasis. — The phenomena of stasis can be better studied 
in a more localised inflammatory process, such as may be 
produced by the application of some irritatmg agent — a 
small piece of nitrate of silver, for example — to the 
tongue of the frog. The stagnation of the blood which 
ensues is described by Cohnheim in his more recent re- 
searches, already alluded to, as being most marked in 
those capillaries which are situated in the more central 
portions of the inflamed area — here there is absolute 
stasis and no emigration of corpuscles takes place. Out- 
side this there is an area in which the blood is circulating 
very slowly, and here both red and white corpuscles pass 
out of the capillaries; whilst more externally still, the 
white corpuscles only escape from the veins. The central 
area, which usually dies, is thus surrounded by an enor- 
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mons number of red and wHte corpuscles ; and the red 
corpuscles which have accumulated in this area are so 
closely packed that their outlines can scarcely be distin- 
guished. 

n. Exudation op Liquor Sanguinis and Migration 
OP Blood-Corpuscles. — Another constituent of the in- 
flammatory process consists in the exudation of the liquor 
sanguinis and the migration of the blood-corpuscles. 

a. Migration of Blood-Corpuscles. — The migration of 
the white blood-corpuscles (leucocytes) through the walls 
of the blood-vessels was first described, although very in- 
completely, by Dr. W. Addison in 1842.* This observer 
stated as the result of his researches, that in inflamma- 
tion these corpuscles adhered to the walls of the vessels 
and passed through them into the surrounding tissues. 
In 18416 Dr. Augustus Waller described more fully the 
same phenomenon, and from his description there can be 
little doubt that he actually observed the emigration of the 
corpuscles.f Both these observers concluded that the 
escaped blood-corpuscles became pus-corpuscles. Their 
observations, however, were but Kttle thought of and were 
soon forgotten, and it was not until 1867, when similar 
iuvestigations were instituted quite independently by 
Professor Cohnheim, of Berlin — to whose minute re- 
searches we must ascribe most of our present knowledge 
on this subject — that the emigration of blood-corpuscles 
came to occupy an important place in the pathology of 
inflammation.;!! 

The emigration may be observed in the mesentery of 
a frog which has previously been paralysed by the sub- 
cutaneous injection of curare. The changes in the 



* " Experimeatal and Practical Kesearches on Inflammation,*' 
Trans. Prov. Med. Association^ 1842. 
Phil. Magasiney vol. xxix. 1846. 

; : " Ueber Entzundung nnd Eitenw'g," Virchow's " Archiv," 
vol. xl. 
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blood-vesselff and in the circiilationy and the accnmnla- 
tion of blood-corpn«cles in- the part, have been already 
described ; it remains only to consider the phenomena of 
emigration. 

The white blood-corpnscles (lencocytes) which have 
accnmnlated in large numbers, especially in the veins, 
remain almost stationary against the walls of the vessel, 
the blood-cnrrent passing by them, although with mnch 
diminished velocity. Those immediately adjacent to the 
wall, gradually sink into it^ and pass through it into the 
surrounding tissue. In doing so they may be observed 
in the various stages of their passage. At first small 
button-shaped elevations are seen springing from the 
outer wall of the vessel. These gradually increase until 
they assume the form of pear-shaped bodies, which still 
adhere by their small ends to the vascular wall. Ulti- 
mately the smaU pedicle of protoplasm by which they are 
attached gives way and the passage is complete, the cor- 
puscle remaining free outside the vessel. 

The red corpuscles at the same time pass out of the 
vessels, but in less considerable numbers, and their transit 
is mainly through the walls of the capillaries, in which 
they have more especially accumulated. As has already 
been stated, in those portions of the inflamed tissue where 
absolute stasis has occurred, no emigration takes place. 

ps Exudation of Liquor Sanguinis. — ^Associated with 
the passage of the blood-corpuscles through the walls of 
the vessels, is an exudation of the liquor sanguinis. The 
exuded liqruor sanguinis — which constitutes the well- 
known vrvfiammatory effusion — differs from the liquid 
which transwdes as the result of simple mechanical 
congestion, inasmuch as it usually contains a larger 
proportion of albumen and fibrinogenous substance, a 
proportion which increases with the intensity of the 
inflammation. It also contains an excess of phosphates 
and carboiiates. 
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The most characteristic feature of inflammatpry effu- 
sion is the large number of cell-structures which it con- 
tains. These are the diretjt product of the inflamed 
tissue, and are in no case generated spontaneously in the 
effused liquid. Most of them are migrated blood-cor- 
puscles, others are derived from th« proliferating elements 
of the tissue. The quantity and nature of the effusion 
will thus vary with the tissue inflliamed, and with the 
severity of the inflammatory process. In non-vascular 
tissues, as cartilage and the cornea, exudation can only 
occur to a small extent from the neighbouring vessels, 
and hence the effusion is small in quantity. In dense 
organs, as the liver and kidney, owing to the compact- 
ness of the structure,, a large amount of effusion is im- 
possible, and what there is, is so intermingled with the 
structural elements of the organ that it does not appear 
as an independent material. In the kidney it escapes 
into the urinary tubes, and so appears in the urine. The 
effusion is most abundant^ and constitutes an important 
visible constituent of the inflammatory process, in inflajn- 
mation of those organs which possess a lax structure and 
in which the vessels are butlittle supported— -as the lungs, 
and in tissues which present a free surface — as mucous 
and serous membranes. 

III. Alterations in the Nutbition of the Inflamed 
Tissue. — The remaining constituent of the inflammatory 
process consists in an alteration in the nutrition of the 
elements of the inflamed tissue. The nutritive changes, 
although, they may differ according to the structure of the 
part, are all characterised by an increase in the nutritive 
activity of the cellular elements. 

The nature of these nutritive changes has for the most 
part been ascertained by the investigation of tissues in 
the lower animals, in which inflammation has been arti- 
ficially induced. In man, the study of the primary lesions 
is difficult, owing to the fact that th© pxQQ.^^'s^ ^-Mix^^t^ 

P 2 
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be observed in its earlier stages. These cbanges will be 
more folly described when considering inflammations of 
particular organs and tissues ; it will be sufficient in the 
present place merely to indicate tbeir general characters. 
The alteration in nutrition, as already stated, is cha- 
racterised by an exaltation of the nutritive functions of 
the cellular elements of the tissues involved in the inflam- 
matory process. This is evidenced by an increase in the 
activity of those elements which normally exhibit active 
movements, as the amoeboid cells of connective tissue and 
of the cornea. Cells, which under normal cirumstances 
undergo no alterations in form, and exhibit no active 
movements, become active-r-sending out processes, and 
undergoing various alterations in shape. (Fig. 53.) This 

Fig. 63. 




Am€eb(M Leucocytes, (v. Kecklinghausen.) 

increase in the activity, and variation in the form of the 
cells, is usually accompanied by the growth of their pro- 
toplasm, and frequently by its division, and thus by the 
formation of new cells, Jn many cases the protoplasm 
as it increases in bulk, becomes cloudy and granular, so 
much so as frequently to completely obscure any nuclei 
which it may contain. This occurs especially in epithelial 
elements, and it constitutes the condition known as 
" cloudAj swelling" It is well seen in the glandular epi- 
thelium of the kidney in acute tubal nephritis. (See 
Figs. 87 and 88.) 

This increased activity of the cellular elements varies 
considerably in different tissues, and even in the elements 
of the same tissue. Some cells exhibit active movements 
and form new cells much mOre readily than others, 
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Those tissues, for example, which naturally maintain 
themselves by the multiplication of their elements, as the 
epithelial tissues, become active very readily in inflamma- 
tion, very slight degrees of irritation being sufficient to 
cause in them rapid cell-proliferation. This is seen in 
inflammation of mucous membranes, and of the epider- 
mis. In tissues, on the other hand, whose elements nor- 
mally exhibit no tendency to multiplication, as cartilage, 
active changes are much less readily induced, the cells 
are much more stable and multiply with far less facility, 
and if the inflammation Js slight, they may not multiply 
at all but simply become enlarged and undergo some altera- 
tion in form. Lastly, in the higher tissues, the stability 
of the elements reaches its maximum, and in nerve-cells 
no increase of activity can be induced. 

Different cells in the same tissue exhibit also different 
degrees of stability. In common connective tissue and 
the cornea, for example, the amoeboid cells are the least 
stable, and are the first to multiply. Possibly the age of 
the cells may influence their tendency to become active, 
the newer being less stable than the older elements. 

The earliest nutritive change is thus one of cell-growth, 
and cell-proliferation ; the subsequent ones are charac- 
terised either by impairment of nutrition and the degene- 
ration and death of the newly-formed elements, or by the 
development of these into a permanent tissue. As a 
rule it may be said, that the new cells are less developed 
than those from which they originated, much more prone 
to undergo retrogressive changes, and if they form a new 
tissue, this is inferior in its organisation to that of the 
original structure. If the inflammatory process be of 
considerable severity and stasis be induced in a wide area 
of the tissue, the nutrition may become completely 
arrested and gangrene be the ultimate result. (See 
" Causes of Gangrene.") The tendency of the new ele- 
ments to undergo progressive development will vary ^NitK 
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the tissne involved, and with the intensity of the inflam- 
mation. The more intense the inflammation, the more 
abortive are the young cells, and the less is their ten- 
dency to form a permanent tissne. (See ''Acute and 
Chronic Inflammations.") • 

In connective tissues, these changes in the cells are 
necessarily accompanied by changes in the Intercellular 
substance. The latter are for the most part characterised 
by softening. In common connective tissue, the fibres in 
the flrst place become succulent and less distinct, and 
ultimately they are completely destroyed; in cartilage 
the matrix sofbens and liquefies ; in bone, the lime-salts 
are removed, the lamellae disappear, and the osseous 
structure becontee converted into medullary tissue. Hence 
the destructive effects of the inflammatory process. 



Having thus briefly described the succession of changes 
which occurs in the process of inflammation, it remains 
to consider in what way these result from the injurious 
stimulation of the tissue, and how far a causal relation 
subsists between them * 

The first apparent change which follows the irritation 
of the tissue, consists in the dilatation of the blood-vessels 
and in an acceleration of the flow of blood. Respecting 
the cause of this primary vascular phenomenon — ^the 
physiological investigations of Ludwig and Lov^n show 
that a similar dilatation of the vessels and increase in the 
activity of the circulation is produced by the excitation 
of a sensory nerve in those parts in which the nerve origi- 
nates. It was stated in the previous edition of this 
work that the primary vascular phenomena in inflamma- 
tion were probably in the same way owing to an injurious 
impression received by the sensory nerves being reflected 



• The following conclusions are in the main those arrived at by 
Professors Strieker and Burdon-Sanderson. — Holmes's System qf 
Surgeryy vol. v. 
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by tlie vaso-motor centre to the vessels. Tke more recent 
investigations of Colinlieim, however, whicli have been 
already quoted, render it necessary that this statement 
should be modified. Cohnheim produced precisely the 
same phenomena in the tongue of ^ihe fro£? after every- 
thing had been ctrt through with the exception of the lin- 
gual artery and vein ; and also, in another case, after com- 
plete destruction of th« brain, medulla, and spinal cord, 
as those which occur in the intact animal ; and he con- 
siders that the vascular dilatation and accelerated blood- 
flow are due to the dvrect influence of the irritating -agent 
upon the walls of the blood-vessels. These experiments 
therefore appear to prove conclusively that the initial 
injury of the blood-vessels is not necessarily reflex, 
although they do not exclude the probability that it may be 
so under certain circumstances, as, for example, in the case 
of internal inflammations arising from exposure to cold. 

With regard to the cause of the retardation of the 
blood-stream which so quickly succeeds its acceleration, 
and which may ultimately terminate in complete stasis— 
all recent observations tend to show that it likewise is due 
to some alteration in the properties of the walls of the 
blood-vessels through which the blood passes, and not to 
changes in the blood itself. Professor Lister considers 
that the accumulation of the red corpuscles in the inflamed 
part and their adhesion to one another and to the walls of 
the vessels is owing to their natural tendency to cohere 
together when in abnormal circumstances, such as often 
occurs after their removal from the body ; and he says 
that this tendency is not greater in the blood of inflamed 
tissues than in normal blood.* He also finds that the 
aggregation is as marked in blood which has been defibri- 
nated. These observations seem to point to some altera- 



• "On ihe Early Stages of Inflanunation."— PAiZoaqpA. Tram, 
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tion in tlie walls of tlie vessels as the cause of the stasis, 
and not to any abnormal condition of the corpnscles 
themselves. The more recent investigations of Byneck 
and Cohnheim tend to confirm the same view. Byneck 
has shown that stasis may be produced in the web of a 
frog, in which milk or defibrinated blood has been injected 
in place of the normal blood ; and also that in vessels, the 
vitality of which has been destroyed or altered by the in- 
jection of poisonons metallic substances, no stasis can be 
produced.* Cohnheim ligatured the ear of a rabbit at its 
base with the exception of the median artery and vein, 
and emptied the vessels of their blood by the injection of 
a weak saline solution. He then injected into the emptied 
vessels various irritating solutions, and on again allowing 
the blood to flow through the thus injured vessels all the 
phenomena of inflammation en sued. f These results ap- 
pear to be conclusive, and show that the retardation and 
ultimate stagnation of the blood- stream in inflammation, 
are owing to some alteration in the vital properties of the 
walls of the blood-vessels with which the circulating blood 
comes into contact. 

In explanation of the phenomena of emigration, which 
takes place coincidently with the retardation of the blood- 
stream — the passage of the white corpuscles was formerly 
supposed to be due to their inherent activity, by virtue of 
which they penetrated the vascular walls, passing through 
stomata which were believed to exist between the endo- 
thelium. The red corpuscles were supposed to be forced 
through these openings by the increased blood-pressure. 
That neither of these explanations is sufficient to account 
for the phenomena is shown by Cohnheim's recent inves- 
tigations. These appear to prove conclusively that the 

• Bjmeck, *'Zur Kenntniss der Stase des Blutes in den Gefassen 
Entztindeter Theile.'* — RoUet's Untersuch. aus dem Institute fur 
Phys. u. Histol. in Oraa. 

t **Neue Untersuckungen Uber die EntzGLndung." Cohnlieim^ 
3878. 
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emigration of tlie blood corpuscles and tlie exudation of 
the liquor sanguinis are like the other phenomena of in- 
flammation, due to some aXteration in the walls of the blood' 
vessels. 

The remaining constituent of the inflammatory process 
— the alteration in the nutrition of the inflamed tissue — 
succeeds the changes in the circulation and the exudation. 
Respecting the cause of the increased nutritive activity 
of the cellular elements which characterises this tissue- 
change — it is probable that it is for the most part the 
result of the stimulation of the cells by the liquor san- 
guinis exuded from the blood-vessels. This conclusion is 
mainly based upon the well-known experiment of Pro- 
fessor Strieker, which consists in the excision of the cornea 
of a frog, and its insertion beneath the membrana nictitans 
of the opposite eye, in which inflammation has been pre- 
viously induced. The transplanted cornea, when removed 
in the course of twenty-four hours, exhibits all the histo- 
logical inflammatory changes observ^ed in the unexcised 
cornea of the opposite eye. Hence Strieker concludes 
that the structural changes in inflammation of the cornea 
of the frog are owing to the stimulation of its elements 
by the liquid exuded from the blood-vessels, and are quite 
independent of nervous influence. That the increased 
nutritive activity of the elements of the inflamed tissue 
is, however, in every inflammatory process the result of 
their stimulation by the exuded liquor sanguinis, cannot 
be regarded as by any means certain. It is possible that 
the cellular elements may be stimulated to increased 
activity by means of impressions conveyed to them 
through the nervous system. 



Suppuration. — Suppuration, and the formation of ab- 
scesses, is a very frequent result of the inflammatory 
process ; it occurs much more frequently, however, in 
some inflammations than in others. As a rule it may be 
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stated that tlie more intense the inflammaiion the more 
abundant is the formation of pus. 

The essential constituents of pus are cells and a liquid 
in which they are suspended. The liquid has an alkaline 
reaction and closely resembles the liquor sanguinis. It 
contains various kinds of albumen, fatty matters, and in- 
organic substances. The cells, or puS'CorpTiscles (leu- 
cocytes) are indistinguishable from the white corpuscles 
of the blood. As seen after death, they are spherical, ephe- 

FiG. 54. 

Pua-corptiscleB as seen qfter death, a. Before, 6. after, 
the addition of dilute acetic acid, x 400. 

roidal, or irregular shaped semi-transparent bodies, from 
T^UTS to st5o ®^ ^^ i^<^^ ^^ diameter, containing a varying 
number of granules, and usually one or more distinct 
nuclei. (Fig. 64.) The addition of dilute acetic acid 
causes the cells to swell up ; they become more spherical 
and transparent, and the nuclei are rendered more appa- 
rent. The size of the corpuscles and nuclei, and the 
number of the granules, present manifold variations. 
Pus-corpuscles, like white blood-corpuscles, lymph- 
corpuscles, and many other young cell-forms — aU of 
which are included under the common term of leucocytes 
— are masses of contractile protoplasm. They possess 
the power of spontaneous movement, and when living 
undergo continuous alterations in form, and migrate in 
the tissues. (See Fig. 63.) They may also multiply by 
division. 

The mode of origin of pus has been the subject of 
much controversy. The liquid ingredient proceeds di- 
rectly or indirectly from the blood, it is the exuded liquor 
sanguinis : about this there is no dispute. The difference 
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of opinion whicli exists is respecting tlie origin of tlie 
formed elements. Witboat discussing tlie theories which 
have been advanced by different pathologists, it must now 
be admitted that there are at least two sources from which 
the cells of pus may be derived — one from the blood, and 
the other from the inflamed tissues. 

It has been seen that in the process of inflammation 
innumerable white blood-corpuscles pass out of the vessels 
into the surrounding tissues, and as these are indistin- 
guishable from pus-corpuscles, it must be conceded that 
one mode of origin of pus is from the blood. Further^ 
the white blood-corpuscles may multiply by division, and 
it is jjrobable that by this means the production of pus 
is greatly increased. 

The other source from which the cells of pus are de- 
rived is from the cellular elements of the inflamed tissue. 
These, as has been described, are the seat of active 
changes in inflammation ; they may multiply and form 
new cells, and the more intense the inflammation, the 
more lowly organised are the newly-formed elements, and 
the less is their tendency to form a permanent tissue. 
Some of these newly-formed cells constitute pus-cor- 
puscles. These, in this case, must be regarded as young 
elements resulting from the proliferation of the tissue, 
which are of low vitality, and soon perish. Pus-corpuscles 
may probably originate in this way from the proliferation 
of any tissue with the exception of nerve, either by simple 
division or by endogenous multiplication. 

Although the formed elements of pus may thus be de- 
rived both from the blood and from the inflamed tissue, 
there can be no doubt that the former is their principal 
source, and that they are in the main migrated blood- 
corpuscles. In the earlier stages of the inflammatory 
process, they are mostly, if not all, emigrants ; but in the 
later stages it must be admitted that they may also be 
derived from the cells of the inflamed tissue. 
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Sncli being the modes of origin of pus, it is evident 
tliat tlie more abundant the escape of blood-corpnscleS) 
and tbe more active the proliferation of the elements of 
the inflamed tissue, the greater will be the formation of 
pns, and hence the greater its tendency to collect so as to 
form an abscess. It is consequently in those inflamma- 
tions which are the most concentrated and the most *»- 
tense — provided that the injury be not suflGlciently severe to 
cause complete stasis — that the formation of pus is most 
abundant. The greater the injury sustained by the waDs 
of the blood-vessels, the more readily will the blood- 
corpuscles penetrate them, and hence the more abundant 
will be the formation of pus. In inflammations of less 
intensity the escape of blood-corpuscles is less abundant, 
and the proliferafdon of the tissue less active, so that pus 
is not produced in sufficient quantities to cause its collec- 
tion in the form of an abscess. 

Pus exercises a most injurious influence upon the sur- 
rounding tissues. The pus-corpuscles appear to be en- 
dowed with the power of absorbing the tissues with 
which they come in contact, or, at all events, of causing 
their liquefaction. Hence the softening and disintegra- 
tion of the tissues which constitute such a destructive 
element in intense inflammations. 

Pus which has remained for any length of time in the 
tissues undergoes certain changes. Its elements may 
undergo fatty metamorphosis, and thus be rendered ca- 
pable of absorption. If pus is long confined in a closed 
cavity, its liquid portions may become absorbed, and its 
cells atrophy, so that it gradually dries up into a caseous 
mass, which may subsequently become calcified. 



Varieties op Inflammation. — Inflammation exhibits 
certain variations in its characters according to the 
severity of the irritation which produces it. The more 
severe the irritation upon which the inflammatory process 
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depends, the greater coeteris paribus will be the damage 
sustained by the blood-vessels, and consequently — if in- 
stantaneous stasis be not produced— the greater will be 
the tendency to the exudation of Hquor sanguinis and to 
the emigration of leucocytes. Hence it is in inflammation 
of considerable severity that the vascular phenomena 
are often so pronounced, the formation of pus so abun- 
dant, and the softening and disintegration of the tissues 
so considerable. Such in^mmations, inasmuch as the 
action of the irritant which produces them is for the most 
part of short duration, are sometimes designated acute- 
inflammations. 

In inflammations of less intensity, in which the damage 
sustained by the blood-vessels is less severe, the textural 
changes occupy a more prominent place, whereas the 
vascular phenomena are usually much less marked, and 
the formation of pus is less Abundant. The precise 
nature of these textural changes must obviously partly 
depend upon the characters of the tissue which is the 
seat of the inflammation, but variations are also produced 
according to the severity of the irritating agent. It 
appears to me to be probably true — that the less severe 
the irritant which produces the inflammation, the more 
do the resulting textural changes tend to be limited to 
Jhe connective tissue which is immediately adjacent to the 
blood-vessels and lymphatics ; whereas in inflammations 
of somewhat greater intensity more distant elements be- 
come involved. This is seen, for example, in inflamma- 
tory processes in the kidneys and in mucous membranes. 
In the former, the least severe forms of inflammation are 
characterised anatomically by an increase in the con- 
nective tissue around the blood-vessels (see " Interstitial 
Nephritis") ; whilst in inflammations of somewhat greater 
intensity, the prominent textural change consists in 
swelling or proliferation of the epithelium within the 
^ibules (see " Tubal Nephritis"). In mucous membranea 
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also, the more severe inflammations are attended by 
epithelial proliferation, the less intense and more chronic 
by changes in the submucous connective tissue. With 
regard to the cellular elements in which these active 
changes take place — they are probably those which are 
the most intimately connected with the lymphatic 
system — ^viz., the cells of the connective tissue, and the 
endothelium of the lymphatics and of the blood-vessels. 
The tendency of the textural changes resulting from the 
least severe forms of inflammation to be limited to the 
connective tissue immediately adjacent to the blood- 
vessels and lymphatics, gives to these inflammations 
certain peculiarities. The new tissue originating around 
the vessels — consisting in the earlier stages mainly of 
small round cells, but ultimately becoming developed into 
a more or less completely flbrillated structure (an adenoid 
or fibroid tissue) — leads to an induration of the organ in 
which it is situated, and very constantly, to the subse- 
quent atrophy and retrogressive metamorphosis of its 
other histological elements. These changes will be more 
fully considered when treating of inflammation of the in- 
dividual organs and tissues* (See " Inflammation of 
Common Connective Tissues," " Cirrhosis of the Liver," 
&c.) These least severe forms of inflammation, inasmuch 
as the irritant which prodnices them is not only of 
slight severity but is usually also prolonged in the dura- 
tion of its action, are- often known as chronic inflamma- 
tions. 

Inflammations have received different names according 
to the natvA'e of the injury upon which they depend. 
Those inflammations which result from external injuries, 
mechanical or chemical violence, are called traumatic. In 
those casis in which the- inJRirious stimulation of the 
tissue is owing to the transmission of infective materials 
by means of the blood-vessels or lymphatics from some 
local infecting centre, as in pyaemia and acute miliary 
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tuberculosis, the resulting inflammations are called m- 
fective. Inflammations in wliich tlie nature of the injury 
is not obvious, are usually called idiopathic. Lastly, the 
nature of the injury may give to the inflammatory process 
certain peculiarities. The contagium of small-pox, for 
example, gives rise to inflammation of the skin, constitut- 
ing the " rash" ; that of syphilis, to certain inflammations 
of the skin, mucous membranes, and other tissues ; and 
that of typhoid fever, to inflammation of the intestinal 
lymphatic structures. In. all these and numerous similar 
cases, the nature of the irritant impresses upon the 
inflammation certain peculiarities, and in so far as the 
former is speciflc, the latter may be called specific inflam- 
mations. 

Of these different varieties of inflammation, the infec- 
tive inflammations, including pysBmia and acute tubercu- 
losis, and the specific inflammations residting from the 
poison of syphilis, wiU be separately considered in the 
next following chapters. The pathology of inflammation 
will then be stiU farther elucidated by the study of the 
process as it occurs in the varibus tissues and organs. 



CHAPTER XXVI. 

ACUTE TUBERCULOSIS. 

By acute tuberculosis is understood a general infective 
disease, wHcli is characterised anatomically by the occur- 
rence of numerous minute nodular lesions more or less 
generally disseminated in the various organs and tissues. 
The generally disseminated nodular lesions, which are 
characteristic of the disease, appear to be inflammatory 
growths, resulting from the distribution of infective mate- 
rials (probably minute particles), by means of the blood- 
vessels or lymphatics from some primary inflammatory 
product. They are, therefore, the anatomical results of 
an infective inflammatory process, and they constitute 
what have long been known as miliary tubercles. 

General Pathology of Acute Tuberculosis. — Our know- 
ledge of acute tuberculosis and of its anatomical result— 
tubercle, has until quite recently been involved in obscu- 
rity ; but at the present time — owing in great measure to 
scientific experimental research — it may be regarded as 
being much more complete. According to the older doc- 
trines, which were based upon the teaching of Laennec, 
tubercle was looked upon as a specific non-inflammatory 
growth which origiQated spontaneously in the tissues. 
Further, this new growth was characterised by the regular 
succession of changes which it invariably underwent ; — 
it was first grey and translucent, then became opaque, and 
xdtimately caseous. Hence in its earlier stages it was 
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known as grey, in its latter as yellow tubercle. Caseous 
metamorphosis was held to be such a distinguishing pecu- 
liarity of the growth, that all caseous masses were regarded 
as tubercular, and the term " tubercle" came to be applied 
indiscriminately to all pathological products which had 
undergone tliis form of degeneration, and which in their 
colour and consistence somewhat resembled soft cheese. 
Caseation, however, as already stated, is a common result 
of the retrograde metamorphosis of many growths which 
are destitute of or contain but few blood-vessels, and 
which consist of closely-crowded cellular elements; and 
although it may occur to, a greater or less extent in 
tubercle, it is by no means specially characteristic of this 
morbid growth. (See " Caseation.") For this much wider 
extension of the pathological significance of caseous de- 
generation we are mainly indebted to Professor Yirchow.* 
The infective nature of acute tuberculosis was first pro- 
mulgated about eighteen years ago by Buhl, who stated 
that in the majority of cases of this disease, indurated 
masses which had become caseous existed in some part of 
the body, and that to the absorption of substances from 
these infective centres the general development of the 
tubercle was owing. He further stated that in those cases 
in which the tubercles were confined even to limited por- 
tions of a single organ, they were also secondary to caseous 
lesions. Buhl's theory, therefore, implied that the origin 
of the infective substances was necessarily associated with 
caseous metamorphosis of the primary inflammatory indu- 
ration. A modification of this view of the nature of the 
infecting lesion has since been rendered necessary, both 
by the results of post-mortem observations, and also by 
those which have been obtained from the artificial pro- 
duction of tuberculosis in the lower animals. 



* For further information on the history of " tubercle," the reader 
is referred to the commencement of the chapter on " Pulmonary 
Phthisis." 
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The experimental investigation of acnte tnbercnlooB 
was commenced by Yillemin in 1865, and subsequent^ 
followed out by Bnrdon-Sanderson, Wilson Fox, Oolm- 
heim, Klebs, and others. The methods of investigatioii 
consisted either in the inoculation of yarious inflamma- 
tory products — for the most part products of chrome 
inflammations (caseous or not caseous), or in the produc- 
tion of a local inflammatory induration by the introdnetdon 
of setons and of other foreign bodies beneath the sldn. 
Of inflammatory products Dr. Sanderson found that none 
proved so active as that obtained from the indurated 
lymphatic glands of an animal already sufiPering from the 
disease. In both cases, after a certain lapse of time, dis- 
seminated inflammatory lesions were produced in yarions 
organs and tissues — ^lesions which presented a special 
tendency to become caseous at their centres. It was aLso 
found that the distribution of these lesions varied accord- 
ing as the infective materials were introduced into thj 
blood-vessels or lymphatics, clearly proving that they 
resulted from the dissemination of infective substances by 
means of the blood and lymph streams. The results of 
these experiments therefore show, in the first place, that 
caseation of an inflammatory product is not necessary 
in order for it to constitute an infective focus; and, 
secondly, that the development of the general tuberculosis 
is not due to anything specific in the substances inocu- 
lated, but that the products of various inflammatory pro- 
cesses (for the most part of inflammations of slight 
intensity), may constitute the infective agents. 

The lesions produced, however, in artificial tuberoulosis 
differ somewhat from those met with in the natural 
disease as it occurs in man. They differ both in their 
anatomical distribution, and, to a less extent, in their 
pathological tendencies. The differences in anatomical 
distribution are principally confined to the brain and 
lungs. The brain, which is so frequently affected in the 
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natural disease in man, is rarely so in artificial tubercu- 
losis. In the lungs, tlie first structural changes which 
take place in artificial tuberculosis are stated by Dr. 
EHein to consist in the development of adenoid tissue 
around the perivascular lymphatics, the implication of 
the alveoli being only a secondary part of the process.* 
In the natural disease in man, on the other hand, the 
changes commence in the alveoli themselves. Bespecting 
differences in their pathological tendencies — it is to be 
remarked that caseation occurs much more extensively in 
the lesions artificially induced than in man. In the 
former, also, diffused tracts of consolidation are more 
frequently associated with the miliary lesions, and they 
may even constitute the predominant structural changes. 
These differences, however, are probably to be regarded 
as resulting from differences in the intensity of the 
infective agent, and from peculiarities in the morbid 
tendencies of the tissues involved, and not as any 
evidence of a want of analogy in the pathology of the two 
diseases. ^ 

Passing on to consider acute tuberculosis as it occurs 
in man, it must be stated that one or more masses of 
inflammatory induration which have become caseous are, 
in the great majority of cases, to be found in some part 
of the body after death ; sometimes in the lungs,, some- 
times in the bronchial glands, sometimes in the glands 
of the mesentery, &c. Much less frequently there exists 
some inflammatory lesion which is not caseous, as a 
simple induration, or an ulcerated mucous membrane ; 
whilst in exceedingly rare cases it is stated that no such 
products of a previous inflammatory process have been 
discoverable. 

The results of post-mortem observations of the natural 



* " On the Lymphatic System of the Lungs," by Dr. E. Klein, 
" Proceedings of the lioyal Society," No. 140, 1^74:. 
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disease thus appear to justify the same ( 
respecting the nature of the infective Bnbstanci 
derired from the expenmeiLtal investigation of t 
in the lower animals, and in man also it mnal 
bo regarded as in the highest degree probabli 
inflammatory prodnot may, tinder certain ciroi 
constitute a focus of infection, and give rise t 
cnlouB process. Why such inflammatory prodn 
in some cases be infective, whilst in others th 
inert, we are unable certainly to explain. In a 
to answer this question, it must be rememl 
such prodncts may accidentally become placed 
communication with the vascular or lymphatic 
and also that infective eabstances are much n 
to produce results in some constitutions am 
conditions than in others. It is also possible 
infective properties of an inflammatory produi 
determined by atmospheric influence, or by the 
of minute organisms. 

Whilst acute tuberculosis is thus an infecti' 
it is an infective disease of a special kind. Ii 
place, the infective substances derived from thi 
focns — which are probably minute particles— 
eserciae their irritating influence over areas 
which are for the most part exceedingly small ( 
miliary character of the lesions), but the irrita 
produce is of comparatively slight severity. ' 
cipal result of their irritation is consequently i 
change — a new growth of tissue at the seat of t 
(See "Chronic Inflammations.") In this ret 
disease presents a marked contrast to one with \ 
closely allied — pysemia, in which the severity of 
produced by the infective particles is much gr 
gives rise to the formation of abscesses. (See " I 
In pyiemia the intensity of the disseminated inflt 
^processes is considerable, aa4th« course of the 
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usnally acute, whilst in acute tuberculosis tlie inflamma- 
tory processes are much less severe, and the disease tends 
to run a more chronic course. 

Histology of Acute Tuberculosis. — The miliary lesions in 
acute tuberculosis, although presenting certain differences 
according to their age, and to the nature of the tissue in 
which they originate, are tolerably uniform in their histo- 
logical characters. Their most marked feature is the 
prominent place which a kind of adenoid structure occu- 
pies in their constitution. This structure is met with in 
its most characteristic form in an indurated lymphatic 
gland, and it is also, as has been already stated, a 
common histological product of other chronic inflamma- 
tory processes, as of those in the liver, lungs, and other 
organs (see " Chronic Inflammations"). Its develop- 
ment appears to be owing to an impairment of the nu- 
tritive activity of the new cellular elements, so that 
they are unable to form a more completely fibroid 
tissue. It consists, in the main, of small spheroidal 
elements resembling lymph-cells, which are either sepa- 
rated from one another by fine lines of homogeneous 
transparent-looking material, or more commonly, by a 
more or less distinctly fibrillated, and sometimes nu- 
cleated reticulum, within the meshes of which the 
elements are grouped (Fig. 65, see also Fig. 66), In 

Fig. 55. 







A portion of a Grey Miliary Ikibercle. 
Showing the adenoid structure met with 
in lai^e portions of these nodules. 
X 200. 

tuberculous nodules this reticulum is sometimes dense 
and well marked, whilst in other caae» \^ \^ ^Sockss^ 
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completely absent. In addition to the small lymphoid 
cells there are often seen some rather larger cells contain- 
ing one, and in some cases, two nudeL 

Although an adenoid stmctnre similar to that which has 
been described nsnally enters largely into the formation of 
tubercolons lesions, it will be found on careful examina- 
tion that they present some additional characteristics. 
In the first place, large mnltinncleated masses of proto- 
plasm, somewhat rasembling *' myeloid cells," are nsnally 
to be f onnd associated with the lymphoid elements. These 
large mnltinncleated cells have been alluded to by Yir- 
chow, Wagner, and others, but it is only recently, mainly 
owing to the researches of Dr. Oscar Schuppel, that 
they have received a prominent place in the histology of 
tubercle. As the views of this pathologist concerning their 
mode of origin and on the pathology of tubercle generally 
differ somewhat from those commonly entertained, I pro- 
pose merely in the present place to state very briefly the 
result of my own observations made subsequently to the 
perusal of Dr. Schiippers valuable publications. For 
more complete information the reader is referred to Dr. 
Schtippel's writings on the subject.* 

The most characteristic features of these multinucleated 
cells are their large size, the number of their nuclei, and 
the irregularity of their outline. Some of the larger ones 
measure as much as g-^ inch in diameter. They possess 
no limiting membrane, but are simple masses of proto- 
plasm, containing numerous round or roundly-oval nuclei, 
each enclosing a bright nucleolus. (Figs. 56 and 57.) As 
many as forty nuclei may sometimes be counted in a single 
cell. Some of them are niuch smaller and contain only 
three or four nuclei. Four or five, or even more, of these 



♦ Untersuchungen fiber Lymphdrtisen-TuberkuloBe ; Dr. Oscar 
Schttppel : Tttbingen, 1871 ; and Ueber die Entstehung der Riesen- 
zeUen ha Tuberkel. — Wagner'i Arohiv der HeUkundey vol. xiii. 1872. 
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A HfuUinufieated Cell fivm Ih 
(Tronic Phthitia. Sbowing (he 1 
cesaes, which are coqUdooub i 
of the anrrouniliiig indnmted ^wlb. Some of th« 
proceeaes ore id cuiuiaction witii Bmsllei uacleated 
demeats. « SOO. 

PiQ 57 




A MuttljaicleiUeil Cell yVorn fhe Lnng tn a <vm i^ 
Chronic PhlMiit. Showiop; the large umaber of 
nuclei withbrigbt nucleoli, x 400. 
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mnltinTicleateil masHes are Bometimes fotind m a Buigk 
tnbercnlons nodnk 

Many of these large cells poeseee long branched pro- 
ceases m connection with which and evidently or^inat- 
ing from them are smaller protoplasmic masses, alto 
nncleated aaid branched {See Figs 56 and 58 ) The 

Fia 5S 




MuUinucleeled aad branched Cell* from ofirm Ortg 
Miliary Tubercle ql the Lung t» a aue qf Atuu. Taber- 
cuhiii. Wide meshes are seen in the ironiedfttta 
viciaitj of the cells eaclosiug a few Ijimphoid ele- 
ments. The branched proceaees are diractly con- 
tinuons with the adenoid raticnlnni of the tubercle. 



meshes between the branched cells are, according to 
Schiippel, filled with epithelial-like elements. These ele- 
ments I have failed to observe, and the meshes I have 
either found empty, or containing a few lymphoid cells. 
(Fig. 58.) It would thos appear that the original proto- 
plasmic mass gives origin to a network of large branched 
cells, associated with, and nsoally SDrroiuiding which, is 
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more or less adenoid tissne. It is this structure wliicli 
must be regarded as tlie most characteristic of tuberculous 
lesions. It is well shown in Fig. 58. 

Although the above characters are to be observed in 
successful preparations and in certain stagies of the tuber- 
culous growth, many of them will usually be found want- 
ing. The nuclei and processes of the large cells will not 
always be seen, and the cells often appear simply as yellow- 
ish somewhat granular masses in which neither nuclei nor 
processes are visible. In this imperfect state they are to 
be found in tuberculous nodules from all organs in which 
tubercle is met with. 

Respecting the pathological significance of these large 
multinucleated cells — they appear to be simply the result 
of chronic inflammatory processes in which the new ele- 
ments are of such low vitality as to be incapable of form- 
ing an adenoid or fibroid structure ; and the branched 
network of cells to which they often give rise must be 
regarded as representing a lower stage of development 
than adenoid tissue. Although these large cells are most 
frequently met with in tuberculous lesions, they are not 
especially characteristic of any one particular kind of 
morbid change. They have been found as the result of 
inflammatory' processes in various organs and tissues. 
With regard to the histological elements from which they 
originate — ^this varies. In the lung. Dr. Klein states, that 
they are derived from the alveolar epithelium. They may 
also originate from the cells of connective tissue, and 
probably from the endothelium of the blood-vessels and 
lymphatics. Their formation takes place either by the 
fusion of two or more cells, or by the excessive develop- 
ment of one cell. In the latter case, the cell increases in 
size and its nuclei multiply, but here the process of develop- 
ment ceases — there is no subsequent division of the 
cell. 

It remains to speak of the blood-vessels of t\vh^xQ7Q3ka\ia. 
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nodules. The yessela of the tisane in -whicli the nodde 
originates gradnallj become obliterated in the proccBS d 
its growth, HJid there is no new formation of vessels, each 
OS takes place in more highly developed iuflammatoij 
tisBne. (See " Inflammation of Common ConnectiTe 
TiasTie.") The nodoles are therefore, except in the earlier 
stages of their development, non-vascnlar. 

Althongh the structure which has been described is that 
most commonly met w'th t must be home in mind that 
all tuberculous les ons a e n t th s constituted When 
treating of the changes m the several o gans it will be 
seen that the prec se histolog cal const tution of the no- 
dules varies somewhat according to the charaoterB of the 
tisane in which the; ng nate In the lung for example, 
many of them cons st la gely of accumulations of 
epitheUal cells w thin the pulmonary alveoh 

Tubercnlons les oas almost mvanably nndergo more or 

less retrograde m tamorphos s although the extent of 

this varies cons derably and n some cases the nodnles 

FiQ 69 may become developed into 

a 6mt fibro d stractare. 

The occnr ence of retrograde 

metamorphos s a mainly 

owing to the obhteration of 

the blood vessels which ac- 

compan es the g owth of the 

les ons The change com- 

One qf the ^ Nod t m mences n the centre of the 

(Se Lang in a aa f A nodule this be ng the part 

TKbfTcvIoiit, aflSsttmnfl.,, , ,. 
opaque and aft he eal firet developed, and conse- 
(Diagrammatic ) quently that wh ch is the 

furthest removed from vascular supply. The nodule breaks 
down intoagranulaTfattfd^bris,so that its central portions 
soon become opaque and yellowish. (Fig.59.) Insome cases 
the process of disintegration is rapid, whilst in others it 
is more gradual. It is usually most marked in the larger 
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and more diffused lesions, and hence it is these lesions 
which are most commonly of a yellow colour and soft 
consistence (" yellow tnbercle"). In other cases the retro- 
grade change is less marked, the reticulum of the nodule 
becomes denser and more fibroid, and although the fibroid 
tissue usually ultimately undergoes in its central parts, 
more or less fatty metamorphosis, the nodule may remain 
as a firm fibroid mass.* This occurs more especially in 
the smaller lesions. The extent and rapidity of the retro* 
grade change depends, I believe, mainly upon the severity of 
the infective process. The more intense the irritation, tha 
greater is the tendency to the degeneration and softening 
of the nodules ; the less intense and more chronic the process, 
the more liable are the miliary lesions to become fibroid. 

Before concluding the consideration of the general 
pathology of tuberculosis, allusion must be made to those 
cases in which the tuberculous processes are confined to a 
single organ. This limited tuberculosis differs from the 
more general one only in the extent of the distribution 
of the infective materials. The miliary lesions originate 
from some retrograde inflammatory product situated 
usually in the same organ as that in which they occur, 
and their limitation is probably owing to the infective 
substances being disseminated by the lymphatics and 
serous canals and not by the blood-vessels. This will be 
again referred to in the chapter on " Pulmonary Phthisis," 
and also in the following description of the tuberculous 
process as it occurs in the several organs and tissues. 

TUBERCULOSIS OP THE PIA MATER. 

In the pia mater the tuberculous process is associated 
with inflammation of the meninges, constituting the con- 



• Dr. Klem states (toe. cit.^ that the large multinucleated cells 
undergo a fibroid transformation, and become converted into a dense 
feltwork of fibrillar tissue, which tissue gradually dies away and be- 
comes caseous. 
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dition known ae Hherevlar meningitis. This ia almost 
invariably a part of a general tnbercnloBia, 

The process is almost eiolnsively confined to tiie pia 
mater at the baae of the brain, and the tabercnloiu 




UmtlK Pa MalT Tho doited lins indicatsa 
Qt the lubercnlar nortnlc A The lymphatic 
The bloodvoSBeL F Prohferation ot elements 
within the Bhe&th x 100 (,Coniil and Banvier ) 

nodnlea — which may easily escape obaervation — are seen 
m connection with the small arteries in the Sylvian 
fissure") and deeply seated between the convolutions A 
few scattered granula,tionH are however frequently vi>"ible 
on the upper surface of the hemisphere*" Phe laflamma 
tory ffTOwth originates in the penvascnlar lymphatic 
sheaths which enclose the small arteries of the pla mater. 
(Fig. 60.) The cells of the sheath multiply, and the pro- 
cess of proliferation commencing at separate centres, 
numerous small grey nodnleg are produced around the 
vessel These, which are distinctly visible to the naked 
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eye, cause an external bulging of the sheatli, and a dimi- 
nution in tlie calibre, or even complete obliteration, of the 
enclosed vessel. 

The localised obstructions to the circulation which re- 
sult from the pressure of the perivascular nodules cause 
intense hypersemia of the collateral vessels, and thus the 
pia mater at the base of the brain becomes exceedingfly 
vascular, there being in some cases rupture of the vessels 
and extravasation. This is followed by a more general 
inflammatory process — a true basic meningitis. A trans- 
udation of the liquor sanguinis takes place from the ' 
hyperaBmic and injured vessels, blood-corpuscles escape, 
and thus the meshes of the pia mater become infiltrated 
with a sero-fibrinous liquid, which in many parts has a 
puriform character. 

The changes in the pia mater at the base of the brain 
are attended by softening of the immediately subjacent 
cerebral substance, which becomes infiltrated with young 
cells. The lateral ventricles at the same time become 
distended with serosity (acute hydrocephalus), so that the 
convolutions on the surface of the hemispheres are seen 
to be much flattened. The ependyma and choroid plexus 
also become exceedingly vascular, and the walls of the 
ventricles, together with the fornix and soft commissure, 
become much softened. All of these changes are owing, 
partly to an inflammatory process, and partly to the me- 
chanical obstruction to the circulation caused by the 
tuberculous growth. In addition, the arachnoid membrane 
is dry and sticky. 

Tuberculous Masses in the Brain. — In addition to the 
miliary lesions occurring in the pia mater in tubercular 
meningitis, large tuberculous masses are occasionally met 
with in the brain unassociated with a general tuberculous 
process. These masses, which vary in size from a hazel 
nut to a hen's egg, commonly occur in the cerebral sub- 
stance, especially at the base of the brain. TWj ^x^ «^^ 
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a pale yellow colour and firm consistence, and nsnally 
form quite round globular tumours. Their surface is often 
seen to be covered with minute grey nodules, which extend 
into the surrounding tissue; and on section, similar nodules 
are sometimes visible, scattered through the substance of 
the tumour. In most cases only one or two such masses 
are found, but occasionally they are more numerous. They 
occur especially in childhood, and usually in children in 
whom there is a general tendency to caseation of inflam- 
matory products (" scrofulous" children). When examined 
microscopically they are found to be made up of aji adenoid 
structure and large branched cells, such as has been 
already described as so characteristic of tuberculous 
lesions. This structure — which is best seen in the peri- 
pheral portions of the tumour — ^is often concentrically 
arranged around blood-vessels, and is found under- 
going in different parts fibrous and caseous metamor- 
phosis. 

Kespecting the nature of these masses and the way in 
which they originate, it is difficult to speak with cer- 
tainty. From the fact that miliary nodules are so often to 
be seen on their surface and extending into the surround- 
ing tissue, it is supposed that they originate by the aggre- 
gation of such nodules — that the primary nodule con- 
stitutes an infective focus, and so causes a succession 
of growths in its immediate vicinity. This hypothesi^ 
is probably correct. Occasionally the tuberculous mass 
causes a more general infection, and so gives rise to tuber- 
cular meningitis or to a general tuberculosis. 

TUBEKCULOSIS OP LYMPHATIC GLANDS. 

In the lymphatic glands, tuberculous processes give 
rise in the first place to changes in the peripheral por- 
tions of the gland, inasmuch as it is with these that the 
infective materials which are conveyed by the lymphatic 
vessels first come into contact. The active changes in the 
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cellnlar elements of tlie gland are accompanied by the 
formation of the large multinucleated branched cells 
already described, which are here nsually very abundant. 
In the earlier stage of the process small grey nodules 
are visible scattered through the cortex. These gradually 
increase in size and become caseous. The gland then 
becomes enlarged, the distinction between its medullary 
and cortical portions becomes lost, and it becomes changed 
to a greyish, homogeneous mass, in which are varying 
sized tracts of caseous material The new growth very 
frequently undergoes a marked fibroid development, so 
that the caseous masses are surrounded by a dense fibroid 
structure. The caseous portions of the gland may sub- 
sequently soften, dry up, or calcify. 

TUBERCULOSIS OP MUCOUS MEMBRANES. 

In mucous membranes the development of tuberculous 
nodules is usually secondary to some primary inflam- 
matory process which leads to. ulceration of the mem- 
brane. The intestinal, the urino-genital, and the 
respiratory mucous membranes may all be the seats of a 
tuberculous growth, but it is in the former that it con- 
stitutes the most frequent and most important change. 

The Intestine. — In the intestine the occurrence of true 
tuberculous processes appears to be almost invariably 
preceded by primary inflammatory changes in the intes- 
tinal lymphatic structures. These changes have their 
seat in the solitary and Peyer*s glands, and as in typhoid 
fever, it is especially these structures iu the lower part 
of the small intestine and in the C89cum which are 
afiected. 

The first stage of th^ process consists in an inflamma- 
tory hyperplasia of the lymphatic elements. In Peyer*s 
patches this hyperplasia usually affects isolated follicles 
in the patch. The solitary glands and certain follicles in 
the patches thus become swollen, and project with-xisi^^ 
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prominence above the surface of the membrane. The 
newly-formed elements then nndergo retrogressive chaoiges 
— ^they soften and caseate, the degeneration in tbe patches 
commencing at several separate centres, and often extend- 
ing until the whole patch becomes destroyed. As the 
result of these primary inflammatory changes an ulcerated 
surface is produced, the floor and edges of which are more 
or less thickened owing to the extension of the inflamma- 
tory process into the submucous connective tissue. This 
is a simple ulcer, and its production, so far, is quite inde- 
pendent of a tuberculous process. 

Wbat must be regarded as a tuberculous change occurs 
subsequently to the primary ulceration, and it consists in 
the development of small nodules of induration in tbe 
floor of the primary ulcer. The development of these 
nodules appears to take place principally around the 
blood-vessels, and as these are arranged transversely 

Fig. 61. 




A Tubercular Ulcer of the Intestine. (Diagrammatic.) 
a. Epithelial lining, h. Submucous tissue. 
c. Muscular coat. d. Peritoneimi. 

around the intestine, the new growth proceeds in the 
same direction. These secondary nodules of induration, 
like the primary inflammatory product, soften and be- 
come caseous, and thus the process of ulceration gradu- 
ally extends transversely until the whole circumference 
of the gut may be destroyed. The ulcer thus produced 
presents a strong contrast to that of typhoid. Its edges 
and base are thickened and indurated, and the nodules 
of new growth, tending to become caseous, are s^en scat- 
tered in its floor. (Fig. 61.) 
The tubercular ulcer rarely, if ever, heals. Owing to 
the thickening of tke tiasuea ^\j \\.^ \>^lS»^, '^^■d53t"a5Gsssa.\& 
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qtiite an exceptional occnrrence. In tlie process of its 
extension the ulceration is attended by" some contraction 
and narrowing of the gut. 

TUBERCULOSIS OP THE LUNGS. 

Tuberculous processes occur in the lungs as a part of 
a general tuberculosis, and also in many cases of pul- 
monary phthisis. The nature of the resulting inflam- 
matory lesions is similar in both. It will be well, how- 
ever, in the present place, more particularly to describe 
these lesions as they occur in the general infective disease. 
The more limited processes which take place in many 
cases of phthisis will be again referred to in a subsequent 
chapter devoted to the consideration of this affection. 
(See "Pulmonary Phthisis.") 

The pulmonary lesions met with in general tuberculosis 
consist, for the most part, of disseminated nodular 
growths, which are universally known as i* miliary tuber- 
cles." These growths are of two kinds — ^the grey and 
the yeUow, The grey are semi-transparent nodules of a 
greyish-white colour, varying in size from a small pin's 
head to a hempseed. They are somewhat spherical in 
shape, and usually possess a well-d^ned outline* Some- 
times they are firm, and almost cartilaginous in consis- 
tence; whilst in other cases they are much softer and 
almost gelatinous. These softer forms, instead of being 
semi-transparent, are more opaque and white. The yellow 
are, for the most part, larger than the preceding, many of 
them much so, some being as large as a pea. They are 
also softer in consistence, less defined and regular in out- 
line, and they pass more insensibly into the surrounding 
tissue. Many of them possess a greyish-white translu- 
cent margin, which may be pretty firm in consistence, 
but never so hard as are many of the grey nodules, 
whilst their central portions are opaque, yellowish, or 
caseous. These nodules, both the gte^ ^tA ^iJafc ^^w« ^ 
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altliongli generally scattered, are sometimes conflnent in 
groups. 

Both the grey and the yellow nodules are often found 
associated in the same lung; in other cases the grey 
nodules only are met with ; whilst, less frequently, nearly 
all the growths are of the yellow variety. The condition of 
the pulmonary tissue which is situated between the nodules 
varies considerably. It may be perfectly normal, more or 
less congested and oedematous, or it may present varying 
sized tracts of greyish, granular, friable consolidation. A 
perfectly normal condition of the intervening pulmonary 
tissue is found in many of those cases, in which all the 
growths are of the firm grey variety ; but when there are 
numerous yellow or soft grey nodules, the lungs are 
nearly always more or less congested or consolidated. 

When these nodules are examined microscopically they 
are seen to exhibit two different kinds of structure — ^viz., 
the adenoid structure with branched multinucleated cells, 
which has been already described as that which is the 
most characteristic of tuberculous lesions, and accumula- 
tions of epithelial cells within the pulmonary alveoli 
(catarrhal pneumonia). There is, however, this marked 
difference between the various kinds of nodules — that 
whereas the smaller firm grey ones are constituted 
entirely of the first-named tissue, the larger soft grey, • 
and most of the yellow ones, consist largely of the alveo- 
lar accumulations. 

Firstly, with regard to the soft grey and yellow nodules. 
Many of these when examined with a low magnifying 
power present the appearance represented in Fig. 62, 
the nodules being apparently made up of accumula- 
tions within the alveolar cavities. When more highly 
magnified their constitution at once becomes evident 
(Fig. 63). Their central portions (c) consist, for the 
most part, of a structureless granular debris, in which, 
perhaps, here and there, traces of formed elements 
are viBible, More extema^y, «ix^ ^^eio. ^x^dicautions of 
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aJTeoli.whicliare filled with partialljdegen.erated epithelial 
cells (6), whilst in the peripheral portions of the growth 
(a) the alveolar cayitiea are quite diBtinct, their walla are 
eligbtlj infiltrated with an adenoid giowth, and their cavi- 
ties contain epithelial cells and sometimes a small amonnt 
of fibrinous exndation. In other nodnles there is no such 
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Acute lYibersal ai 

witbln tbo nIVHoli &t the penphxral portitina of 

tho nudule aad the d^enemtiou in the centre 

X 33 
extensive necrosis hnt the adenoid thickening of the 
alveolar walls is mu h more marked and the alveo- 
lar cavities contain either distinct epithelial elements, ill- 
defined masses which apparently consist of confluent 
epithehum or large multinucleated cells (Fig C4) these 
last-named cells origmating as described by Dr Klein, 
from the alveolar epithebnm • 

• These large mnlti nucleated cetla nre stated by Dr. Klein (toe, cit) 
to originate either by the fusion of the alveolar epithelium, or by 
the eiceasive development of one epithelial celt. Since the publi- 
cation of Dr. Klein's statement I have frequflnlly observed these 
celle situated distinctly in the alveolar cavities, and I b&ve no 
duubt they originate in the way he describee. 
b2 
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A mall portion of On moit external parte/ a lelloKr n>- 
btrcle from &e LvtBg in a ante <if Acute TfaAerculiwtl. Mast 
extern&II; at a are seen tbe alveoli filled with epithelial 
eelle, ajid (he alveolar walls are slightly thickened by an 
adenoid growth. More intemallj at fr both the alreolar 
waits and the epithelial conlsntB are seen in tb^ process of 
degeneration ; whilst in tbe central portions, (^ the dege- 
neiation is so far advanced that all trace of atrnetnre is 

FiQ 64 
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KHi lyttt more external pari of a tofi grgg IhbercU 
lAtng in a case of Acute 7\ibercaloaia^ Showing tbe 
1 adenoid thickening of the alveolar walls, and 
mul^ucleated cell within tbe alveolar cavity. 
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The hietological characters of the smaller firm grey 
nodules differ from the preceding. T&ese, when examiued 
with a low magmfTing power, appea,r as little somewhat 
spheroidal masses, the cellular elements of which are 
often to be seen grouped around separate centres (Fig. 65). 
When more highly magnified these centres are seen to 
consist of the large moltinnoleat^d branched cells already 
Fio 65 




AJIrm Greg THbtrek Ji-nm Ihe Litng in a caw itfAenlr 
Taberculoili. Showing the apparent situation at Die 
nodnlo betwesn the slveoli, and the Rroupirig of the 
elements around Beparate ceatrOB. x 33. 

described (see Fig. 58). and the small-celled structure 
grouped around them is adenoid tissue ; the large cells 
having originated within the alveoli, the adenoid tissue in 
the alveolar walls. This adenoid structure at the 
peripheral portions of the nodules extends into and pro- 
duces a thickening of the walls of the alveoli with which 
the nodule is incorporated (Fig, 66V ^^^ ■m&irs tA. "iisi 
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nodulea the central portionB have tindergone retrograde 
ehaageeEind are caseous. 

BeqMcting the cause of these difEerencea in the histolo- 
gical diaractere of the miliary lesions in the longs — I . 
believe them to depend upon differences in the age of the 
nodnlee, and in the intensity of the tnbercnlouB process. If 
theintensity of theprocese be very considerable, the nodules 
will consist almost esclnsively of accnmnlations of epithe- 
lium and fibrinous exudation within the pulmonary alveoli, 
Fio. 66. 




A tmaa portion of the moit exttmal pari of a Jbtn Ortu 
T^tbercte from the lAtng in a otae of Acute T^tberailofii. 
Showing the JDcorpoTatioQ of the Dodnle with the alveohir 
wall o. X 270. 

and the nodnle will rapidly undergo disintegration. (See 
Figs. 62 and 6a,) IE the procesH be less intense, and the 
nodules attain a more advanced age, the necrosis will be 
lese rapid and complete, the development of adenoid 
tissue in the alveolar walls will he greater, and the 
epithelial elements may form large mutinucleated cells. 
(See Fig. 64.) Lastly, in the least severe and most 
chronic proceesea, the development of multinucleated 
elements nnd the formation ot ttie ii^wotY ol \iTraifiti»&. 
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cells reaches its maximum (see Figs. 58 and 65), necrosis • 
takes place slowly in the central portions of the nodole, 
and there is often considerable fibroid induration of the 
new tissue. There is thus a close analogy between the 
tissue -changes resulting from tuberculosis of the lungs 
and those which result from other inflammatory processes. 
(See " Chronic Inflammations.") The necrosis of the 
lesions is mainly owing to the interference with their vas- 
cular supply caused by the pressure exercised upon the 
blood-vessels by the intra-alveolar accumulations, and the 
obliteration of the vessels by the adenoid growth in the 
alveolar walls. In the most acute forms of the disease it 
probably also partly depends upon inflammatory blood- 
stasis. 



CHAPTER XXVII. 

PYiEMIA AND SEPTICiExMIA. 

The diseases known as Pyaemia and Septicaemia result 
from the absorption and dissemination of certain infective 
substances derived from some focus of acute inflamma- 
tion. In these diseases, therefore, as in acute tuberculosis, 
we have a focus of inflammEttion from which the infective 
substances are derived, the general dissemination of these 
substances, and the secondary processes to which they 
give rise. 

When a person receives an external injury sufficient to 
cause an inflammatory process of considerable extent and 
intensity in the part injured, this process is usually fol- 
lowed by a general disorder of the vital functions, the 
most prominent symptom of which is pyrexia. This 
]>yrexia, which so commonly occurs after surgical opera- 
tions and other extensive local injuries, is what is usually 
known as traumatic or inflammatory fever. Respecting 
the cause of this pyrexia — it is probably mainly due to the 
absorption of some of the products of the local inflamma- 
tory process, and of substances resulting from the decom- 
position of dead organic matter in the neighbourhood of 
the injury. In other words, the pyrexia and other pheno- 
mena result from the dissemination of certain infective 
materials from a focus of acute inflammation. 

Closely allied to this traumatic or intiammatory fever is 
the condition known as septiccemia. Here, also, there is 
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an absorption of certain infective substances from some 
inflammatory lesion, but the general disturbance of the 
vital functions to which they give rise is much more con- 
siderable. They cause not only pyrexia, but frequently 
also vomiting and diarrhoea, and ultimately a condition 
of coma and collapse which tends to terminate in death. 
SepticBBmia appears therefore to differ from simple trau- 
matic fever mainly in this — that in it the general infec- 
tive process is one of much greater intensity. In botl 
there is usually an absence of any characteristic local 
lesions. After death decomposition takes place very 
rapidly. The blood is found to be somewhat darker and 
less firmly coagulated than natural ; the spleen and liver are 
enlarged, friable, and abnormally vascular ; and, if there 
has been diarrhoea, the intestinal mucous membrane may 
present the appearance of acute catarrhal inflammation, 
with some swelling of the lymphatic structures. In some 
cases also there is pleurisy or pericarditis. 

The general infective process known as pycerrda differs 
from both traumatic fever and septicaemia in this respect 
— that in it the dissemination of the infective substances 
derived from the inflammatory focus gives rise not only 
to that general disturbance of the vital functions which 
characterises these two conditions, but also to the forma- 
tion of metastatic nodules of induration which soon 
assume the character of abscesses, and to more diffused 
inflammatory lesions. These metastatic nodules of indu- 
ration which so quickly become purulent, and are so 
characteristic of the disease, present certain peculiarities. 
In their earlier stages they usually consist of somewhat 
reddish, friable, granular-looking masses of consolidation, 
which are surrounded by a thin zone of red hyperaemic 
tissue. These masses are frequently wedge-shaped, the 
apex of the cone being towards the centre of the organ. 
They vary considerably in size, some not being larger 
than a small pea, whilst others exceed the size of a chft«t- 
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nut. The consolidated mass soon assumes the characters 
of an abscess. Its more central portions become softened 
and pumlent, and ultimately it tends to become converted 
into a collection of pns and broken-down tissue, this being 
still surroimded by a thin red zone of induration. 

These metastatic abscesses are met with most frequently 
in the lungs ; but they also occur in the liver, spleen, kid- 
neys, and in other internal organs. They are more com- 
monly found near the surface than in the more internal 
portions of the organ, often being situated immediately 
beneath the fibrous capsule. 

The more diffused inflammatory processes which also 
occur in pyasmia, consist chiefly in suppurative arthritis 
and inflammation of the serous membranes, especially of 
the pleuraB and pericardium. 

Although the occurrence of metastatic abscesses in the 
later stages of many of these acute infective processes has 
served as a basis for their classification — those in which 
they occur being termed pyaBmic, those in which they are 
absent, septicaBmic — I agree with those who believe, that 
it does not justify the conclusion that there exists between 
them any essential pathological difference. Both pyaemia 
and septicaemia probably result from the absorption of 
the same infective substance, although the intensity of its 
infective properties may vary very considerably. The 
effect of this substance may be simply to produce a general 
disturbance of the vital functions — a septicaemia; or, 
more remotely, to cause various disseminated suppurative 
inflammations — a, pyasmia ; and as in other acute infective 
diseases — e.g,, scarlet fever, death may result from the 
general disturbance of function quite independently of 
any local lesions, so in the diseases now under considera- 
tion a septicaemia may be the cause of dissolution without 
the occurrence of any of those metastatic products which 
are regarded as characteristic of pyaamia. Such being 
the case, it is evident t\i«Ai 'w^xfex^^ja «l ^e^^^iaenas^ Tsa^ 
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exist without the subsequent development of metastatic 
lesions — a pysBmia, pyasmia must always be associated 
with more or less septicaemia. In other words, pyaamia 
is a septicsBmia in which there are metastatic suppurative 
inflammations. 

Having thus pointed out the close pathological relation 
which subsists between these two infective processes, it 
remains to consider the nature of the infective substance 
and the circumstances under which it is produced, its 
absorption and dissemination, and subsequently to ex- 
plain the occurrence of the metastatic lesions. 

The infective substance, as already stated, originates in 
connection with the products of an inflammatory process. 
With regard to its nature — we are at present unable to 
speak certainly. Its production, however, appears to be 
invariably associated with the putrid decomposition of the 
inflammatory liquids. 

It is well known that the ordinary putrid decomposition 
of albuminous liquids is always associated with the pre- 
sence in them of minute organisms termed bacteria, the 
most common form of which are little rod-shaped bodies, 
such as are represented in the accompanying drawing 
(Fig. 67). In a series of observations made in the labo- 
ratory of the " Brown Institution" with the object of 
determining the nature of the pyasmic poison, Dr. Burdon- 
Sanderson found that these, or similar organisms, abounded 
in all the inflammatory liquids, and sometimes existed in 
the blood, of animals in which pyaemic processes had been 
artificially induced.* These organisms he divides into two 
groups — rod-shaped bodies endowed with the power of 
spontaneous movement, similar to the smallest forms repre- 
sented in Fig. 67 (bacterium vibrio), and dumb-bell forms 
which have no proper movement (bacterium varicosum). 
When liquids derived from pyasmic inflammations are 
injected into the circulation, or into one of the aerouLCk 

• *; Trans. Path. See. Lend.," ^o\.-x.xL\i, \^1^. 
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cavitieK of nD animal, ttiejpradncetheH7mptomsofpytsini&, 
and Dr. Sandereon finds that the intenBity of these symp- 
toms appears to bear some direct relation to the nnmber 
and forms of bacteria which the infective liqnidB contuA. 
Those animals which were inoculated with liquids con- 
taining nnmerouB minnte rod -shaped bacteria, died rajadlj 
with symptoms of septiciemia ; whereas in those m whidi 






the inoculated liqnids contained fewer bacteria of a dumb- 
bell form, the process was more protracted and was 
attended by the development of metastatic absoeeeeB— a 
pyramia. The results of these investigations therefore 
show that, in the lower animals, bacteria are invariably 
present in liquids which are capable of inducing pyemic 
processes, and they thus tend to confirm the statement 
which has already been made, that the development of 
pyeemic processes in man appears to he invariably asso- 
ciated with the putrid decomposition of an inflammatory 
product— a decomposition which is always attended by 
the presence of bacteria. 

Whilst it must thus be admitted that bacteria are inva- 
riably present in liquids which are capable of inducing 
pytemic processes, it is probable, according to Dr. San- 
derson, that the development of the pysemic poison, al- 
though associated with, ia something quite distinct from, 
the process of simple putrefactive decomposition ; for, as 
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he has shown, tbe virulence of pyaBmic liquids is dimi- 
nished by their being kept. In conclusion, all that we 
are at present able to state with any degree of certainty 
respecting the nature of the pysemic poison is, that its 
development appears to be invariably associated with the 
putrid decomposition of inflammatory products, and that 
the liquids in which it is generated contain those low orga- 
nisms which always accompany the ordinary process of 
putrefaction, and possibly also other organisms which are 
specific* 

Another important point in connection with the develbp- 
ment of the pyaemic poison is the fact that the inflamma- 
tory focus in which it originates is, in the majority of 
cases, the result of some external injury — an injury pro- 
ducing a lesion which communicates with the external air. 
That this should be so, will be readily understood when it 
is remembered that the decomposition of animal fluids is 
materially hastened by free exposure to atmospheric in- 
fluences. 

Allusion must here be made to the great proneness of 
pyaBmic processes to occur where persons with open wounds 
are concentrated together, as in hospital wards. In ex- 
planation of this, it must be remembered, as pointed out 
by Mr. Savory, that the decomposition of an animal fluid 
is hastened by the introduction into it of any other animal 
matter which is also undergoing active putrefactive 

change.f 

Although pyaemia thus usually results from external 

inflammations, it sometimes occurs under circumstances 
in which no external point of inflammation is discover- 
able, and the inflammatory focus is situated internalhj. 



* Cohn states that there are bacteria found in infective diseases 
which are quite distinct from those forms which accompany ordi- 
nary putrefactive decomposition. See " Quarterly Joum. Micr. 
Science," 1873, p. 156. 

t *' Discussion on Pyeemia at Clinical Society," Mr. Savory. — 
" Trans. Clin. Soc. Lond.," Vol. vii. p. Ixxvi. 
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As an example of this may be mentioned cases of pjasmia 
resulting from acute necrosis of bone. In explanation of 
these cases the results of Dr. Sanderson's experiments, 
already alluded to, are of much value. Dr. Sanderson 
finds that pyaemia may be induced in the lower animals 
by the introduction into one of their serous cavities of 
liquids produced by an inflammatory process which has 
been sot up by chemical agents under circumstances which 
preclude the possibility of the introduction of any infect- 
ing substances from without — liquids, however, which, like 
those derived from an external inflammatory lesion, abound 
in bacteria. 

Having discussed the nature of the pyaemic poison, and 
the circumstances under which it originates, it remains to 
consider how it becomes absorbed and is disseminated. 
Decomposing fluids in contact with inflamed tissues — 
fluids capable of producing the most intense pyaemic 
procoHses if artificially inoculated — do not always become 
absorbed. The causes which in some cases favour their 
absorption, and in others prevent it, must be looked for, 
according to Mr. Savory (loc, dt.), in the condition of the 
inflamed tissues with which they are in contact. Bill- 
roth and others have shown, experimentally, that when 
granulations are healthy they offer a decided obstacle to 
the absorption of fluids from their surface, but when they 
become partially destroyed, or are in an unhealthy condi- 
tion, fluids readily permeate them. It must, then, be con- 
sidered as exceedingly probable that the absorption of the 
pyasmic poison is intimately connected with some abnor- 
mal condition, due to injury or disease, of the inflamed 
tissues with which it is in contact. The poison, whcD 
absorbed, is disseminated by means of the veins and lym- 
phatics. 

The remaining point for consideration is the pathology 
of the disseminated secondary inflammations — the diffuse 
lesions and the metastatic abaceaa^a. TVia T£io^\» ^:^tqss£s^ 
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diffuse inflammatory lesions which result from the pysemic 
process are snppnratiye arthritis, infliammation of the 
serons membranes, and of the subcutaneous cellular 
tissue. The mode of origin of these diffused inflamma- 
tory processes we are unable certainly to explain. They 
probably occupy the same pathological position as the 
diffuse inflammations which occur in other infective 
diseases — e.g,, in scarlet fever and acute tuberculosis. 

Our knowledge of the pathology of the metastatia 
abscesses is much more complete. These appear usually 
to be of embolic , origin, the emboli originating in the 
venous thrombi which form at the foci of the primary 
or secondary inflammations. The circumstances under 
which thrombi formed in the vessels of a part become 
softened or broken-up, so as to furnish emboHc plugs, 
and the way in which these plugs may set up acute in- 
flammatory processes at the seat of their arrest, will be 
fully described in the chapters on "Thrombosis" and " Em- 
bolism."* It will be sufficient in the present place to 
state that in the course of a pysamic process the coagula 
which form in the vessels at the seat of the pyaemic in- 
flammations become infected with the pyaemic poison, 
and if they soften or become broken-up so as to furnish 
embolic plugs, these plugs cause secondary suppurative 
processes in the parts in which they become arrested ; and 
it is to the dissemination of these infective emboli that 
the formation of the majority of the metastatic abscesses 
in pyaemia is owing. 



* The student will do well to read the chapters on " Throm- 
bosis" and " Embolism" as a sequel to the present chapter. 



CHAPTER XXVIII. 

SYPHILIS. 

The lesions occurring in the course of constitutional 
syphilis are for the most part inflammatory in their 
nature, but in their seat, distribution, and histological 
characters, some of them present certain peculiarities 
which make them quite characteristic of this disease. The 
primary syphilitic lesion (usually the indurated chancre), 
the secondary lymphatic gland enlargement, and the sub- 
sequent series of changes in the skin, mucous membranes, 
and later — ^in the nervous system, bones, and internal 
organs, are all of them the results of chronic inflamma- 
tory processes induced by the syphilitic poison. 

The lesions, however, which must be regarded as 
especially characteristic of constitutional syphilis are of 
two kinds — certain fibroid indurations, and a form of 
nodular growth which is known as a gumma or syphilitic 
tumour. These two forms of lesion are very frequently 
associated, and in many cases it becomes diflicult to draw 
a line of demarcation between them. A fibroid lesion is 
sometimes simply the remains of what was previously a 
gummy tumour. 

Fibroid growths unassociated with gummata, usually 

occur somewhat earlier in the course of constitutional 

syphilis than the gummy tumours. They consist in the 

Erat place of an embryomc aT[i«kX\.-<i^\\ft6Lt\a.«vLe, which sub- 

sequently becomes developed m\ft «*. ^tq^^ est ^<si!l^^ 
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structure (see "Inflammation of Common Connective 
Tissue"). The fibroid thickenings which result are cha- 
racterised by their localisation and by the irregularity in 
their distribution. They occupy, for the most part, small 
areas f the surrounding tissues being unaffected. It is these 
peculiarities in their distribution and localisation, and not 
their histological characters, which render them so charac- 
teristic of syphilis. 

These fibroid changes are met with in various situations 
— in the periosteum, in the sheaths of nerve-trunks, in th# 
capsule and interstitial tissue of organs, and in muscle. 
When occurring in the capsules of organs they present very 
characteristic appearances. In the liver and spleen, where 
they are the most frequent, they give rise to an irregu- 
larly distributed thickening and puckering of the capsule 
which is exceedingly typical of advanced syphilis. The 
thickened portions are usually connected with dense 
fibroid septa which pass into the interior of the organ ; 
and there are frequently also numerous strong peritoneal 
adhesions. The gummy masses about to be described are 
very often to be found in the midst of the fibroid growth. 

The other variety of lesion, which is perhaps more 
characteristic of syphilis than the preceding, and very 
frequently associated with it, is the gumma or syphilitic 
tumour. The gummata were formerly regarded as non- 
inflammatory neoplasms, and were classified by Virchow 
amongst what he termed the " granulation" tumours. As 
usually met with, they are moderately firm yellowish- 
white nodules, having often, on section, somewhat the 
appearance of a horse-chestnut. They vary in size from 
a hemp-seed to a walnut, and are surrounded by a zone of 
translucent fibrous-looking tissue, which sometimes has 
the appearance of a capsule, and which is so intimately 
associated with the surrounding structures that the com- 
plete enucleation of the mass is impossible. In the 
earlier stages oi their development, 's^^iexi VJsie^ X'ses^ ^«3is^- 

8 
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monl; come under obBerratios, they aie mncli Boftei ia 
couauteuce, more vascular, and of a reddish-white coIoiit; 
nhilat in their most advanced stages, owing to extennn 
retrogreaaive changes, they may be diatmotly caseona. 

When the gummata are examined microscopically the; 

are fonnd to conaist in the main of atrophied, degena- 

rated, and broken-down oell- 

j. products, embedded in an in* 

completely fibriUated tiaane. 

There are, however, aoma 

marked etntctoral differencea 

between the central and (s- 

■ temal portiona of the growth 

The central portions are 

mposed almost entirely of 

closely-packed grannlar di- 

bris, fat graiLiilea, and cho 

Gummn SroBtt fromLvfr a lesteiin, amongat which maj 

Central portions of growUi, cou- ^ an exceedingly scanty 

siatiog of granular dibria. b. Pe- ., .„ ^ , , . * ■",_,. ,' 

riphoml gSmnlation tiasuo. r, A fibnllated tiasne. (Fig. 68, 
blood-vBBael. X 10(1. (Comil a.) SiUTOunding thia and 
■■' directly continuous with it is 

amore completely fibnllated structure ; whilst the periphe- 
ral portiona of the growth, which are coutinnous with the 
Burrounding tisane, consist entirely of small round cella — 
the granulation or " indifferent" cells. (Fig. 68, 6, and 
Fig. 69.) The blood-vessele, which only eiiat in the ei- 
ternal portiona of the growth, are very few in number. 

The three zones above described, which are to be dis- 
tinguished more or leea clearly in most of the gummy 
nodulea, correspond with three different atages in their 
growth. The most eitemal zone, consisting of the gra- 
nulation-tissue, represents the early stage of develop- 
ment, and by the continuoua formation of this tiasue the 
growth may continuoualy increase. The intermediate 
fibrous zone repreaents the aecond stage in the process — 



SYPHILIS. 259 

the development of the graanlation tiasne into a. more or 
leas completelj fibrilkted structiire. The charactere of 
this fibrillated tissue vary in different growths. In some 
the fihriUation ia very distinct; in others, the tissue is 
dense and cicatricial in character ; whilst leas frequently, it 
consists of a reticulated atruotnie within the meshes ot 




TTie PfHpheral Portiun of a Otunmji Orcmth in the 
Kidne,/. Showing the amall-wlled growth in tha 
iutertubular tissne. x 300. 

which are grouped round small cells. ("Adenoid tissue;" 
compare with Pig. 74, A.) (Fig. 70.) The central zone, con- 
aiatingof the amorphoua granular mat«riaI,repreBent([i the 
oldest portion of the growth — that which haa undei^one re- 
trogreasiTe changes. The blood-vessels, whichonly exist in 
the zone of proliferation, appear to become obliterated ia 
the process of development ; and this probably ajjcounts 
for the rapid degeneration of the central portions of 
the growth. When the tumour ia large, it may some- 
times be seen to be made up of several distinct smaller 
growths, each presenting at its circumference the more 
perfect cells, whilst its central parte are granular and 
amorphous. 

It would thus appear that the first stage in the process 
of formation of these gummy growtha cousista in the pro- 
duction of a small-celled granulation tissue. This is fol- 
lowed by the incomplete development of the imsiw yisaittR; 
s -2 
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into a fibril1a,t«d or adenoid stmeture, togetlxr wiOi tlie 
atrophy and degeneration of the joang element*. 'Hie 
degenerated elements become closely packed in the centre 
of the growth, whilst proliferation and incomplete fibiilla' 
tion continue at the circninference- The central poitiou 
of the growth may nltimately become calcified, bat more 
ooniiiiiinly they gradnaily become abaorbed, and a men 
|)U(;kurud fibrouH cicatrix occupies the seat of the original 
tiiuioiir. Thin is one of the ways in which the fihrnd 
IuhIuuh originate. 




Tlio giimmata are the now formations most charaete- 
riKtio of aypliiliH, and their distribntion is almost co-ezten- 
sive with tlmt of By]>liilitic lesions. They are met with 
in tho skin and aubcntaneona cellular tissue, in the sub- 
itiucouti tisHiio, in muaclo, fasciae, bone, and in the connec- 
tive tiHHUO of organs — 03]>ecially of the liver, brain, 
toBticlo, and kidney. They also occur, but mnch leas fre- 
quently, in tho lunga ; aa do also simple localised fibroid 
iTiiIiinitioiLA. When situated in the submucous tissne ttie 
mtiaiiiii tiiomhrano usuaUy becomes destroyed, and a deep 
uloor forma. TluB ie Been in ft« ■^iiBij\ii.,wi&, -^nlsSa, 
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tongue, larynx, and in other parts. These true gummy 
ulcerations must be distinguished from the superficial 
ulcerations resulting from inflammatory processes in the 
lymphatic structures, which also occur in syphilis. 

SYPHILITIC DISEASE OP THE LIVEiU 

The liver is one of the most frequent seats of syphilitic 
lesions. The most common change is the development of 
fibroid and gummy growths in the substance of the organ. 
These growths are strictly localised, the surrounding liver- 
tissue being healthy. The growths — which are usually 
connected with fibroid thickenings of the capsule — 
sometimes consist simply of a dense fibroid structure. 
More commonly, however, gummy masses are found im- 
bedded in the fibroid growth. In the former case it is 
possible that the gummy mass may have become absorbed, 
leaving merely its fibroid cicatrix. 

The development of these growths produces very 
marked alterations in the form of the liver. Scar-like 
depressions are seen on its surface, and the organ is 
irregularly, and often very deeply puckered, 

A nlore general fibroid change, not associated with the 
formation of gummy masses, but closely resembhng ordi- 
nary cirrhosis, is occasionally met with in the liver in 
infantile syphilis. 

Lastly, it must be mentioned that the liver in' syphilis 
is frequently amyloid. 

It is unnecessary to describe particularly syphilitic 
lesions in other organs, as they all present the same 
general characters— ^viz., strictly localised fibroid, or 
fibroid and gummy growths. 



CHAPTER XXIX. 



INFLAMMATION OF NON-VASCULAE TISSUES. 



INFLAMMATION OP CAKTILAGE. 

Tii£ phenomena of acute inflammation in cartilage, 
although comparatively rare in man, have been studied 
by the artificial irritation of the articular cartilages in the 
lower animals. They consist in changes in the cartilage 
itself, and in the vessels of the adjacent synovial mem- 
brane and bone, from which the cartilage receives its 
nutritive supply. Respecting the vascular changes, these 
are such as have been already described as characteristic 
of inflammation. 

In the cartilage itself, the cells enlarge within their 
capsules, their nuclei become more prominent and their 
protoplasm more granular. The cells then multiply by 
simple division, so that each cavity contains numerous 
young cells which ultimately closely resemble pus-cor- 
puscles. At the same time the capsules are destroyed, 
and the intercellular substance softens and breaks down 
into a finely granular material. (Fig. 71.) As the in- 
tercellular substance becomes destroyed, the newly-formed 
cells and granular debris escape from the surface of the 
cartilage, which thus becomes irregular, presenting nume- 
rous elevations and depressions : this is acute ulceration 
of cartilage. Whilst these changes are taking place in 
the cartilage itself, UQmexoxi^ 'n^'w \\cicA-^^'^'&^\& oxe 
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formed from tboee in the adjacent bone or synovial 
membrane! the little loopa of new Tessela dipping into 
the softened cartil^e. This proceBS of softening and 




Section of Infiamed Cartilagt. a. Th» normal cartilage- 
cells, b. The same enlarged, d. Multiplication of ct^Us 
withio their capsules, e. Great iocrease in tie uninber of 
tbe young cells, and destruction of the intfli-cellular sub- 
Etauce. > 250. (Coroil and RauTier.) 

ulceration maj go on until the cartilage is completely 
destroyed, or it ma; became arrested. In the latter case 
the yonng cella form a granulation'tissue, this tissne 
fibrillates, and the lost cartilage thus becomes replaced 
by a fibroid atmctnre. 

When the inflammation is leas severe and mns a more 
chronic course, the cell-proliferation is not so active, and 
the intercellular substance is less destroyed. The newly- 
formed cells are more highly organised, and whilst many 
of them undergo retrogressive changes, others form a 
fibrillated tissue. Irregular cavities may thus be pro- 
duced in the midst of a fibrillated cartilage. 

Erosion of Cartilage. — Allusion mnst be made here to a 
morbid condition of cartilage which is exceedingly common 
is people past middle life. It consists iu 
upon the surface of the articnlar cartilages of i 
yellowish, flocculent spots, which gradually i. 
size, and ultimately break down and become destroyed, 
leaving' a superficial erosion. The o\ta.'a%« Qcisai%'t&i^ 
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INFLAMMATION OF NON-VASCULAR TISSUES. 



INFLAMMATION OP CAKTILAGE. 

The phenomena of acute inflammation in cartilage, 
although comparatively rare in man, have been studied 
by the artificial irritation of the articular cartilage in the 
lower animals. They consist in changes in the cartilage 
itself, and in the vessels of the adjacent synovial mem- 
brane and bone, from which the cartilage receives its 
nutritive supply. Respecting the vascular changes, these 
are such as have been already described as characteristic 
of inflammation. 

In the cartilage itself, the cells enlarge within their 
capsules, their nuclei become more prominent and their 
protoplasm more granular. The cells then multiply by 
simple division, so that each cavity contains numerous 
young cells which ultimately closely resemble pus-cor- 
puscles. At the same time the capsules are destroyed, 
and the intercellular substance softens and breaks down 
into a flnely granular material. (Fig. 71.) As the in- 
tercellular substance becomes destroyed, the newly-formed 
cells and granular debris escape from the surface of the 
cartilage, which thus becomes irregular, presenting nume- 
rous elevations and depressions : this is acute ulceration 
of cartilage. Whilst these changes are taking place in 
the cartilage itself, numerous new blood-vessels are 
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formed frcim those in the adjacent bone or Bynovial 
niembra.iLe; the little loops of new vessels dipping into 
the softened cartilage. This process of Boftening and 




SecUon of InJIamed Carlllage. a The nornml cartilage- 
celU b The same enlar^d d UnltiplicatioD of cells 
within their cspsulfs e Great increase m the omnber of 
th voung <;e11fl And destmciion of the iDtercellnlar eub 
Btance x 250 (Comil and Banvier ) 

ulceration maj go on until the cartilage is completely 
destroyed or it may become arrested. In the latter case 
the young cells form a granulation, tissue this tissue 
fibnlliitts and the lost cartilage thus becomes replaced 
by a fibroid BtruLtnre 

When the mflammation la less severe and rans a more 
chronic course the cell proliferation la not so active and 
the intercellnlar substance is less destroyed. The newly- 
formed cells are more highly organised, and whilst many 
of them undergo retrogreBsiTe changes, others form a 
fibrillat«d tissue. Irregular cavities may thus be pro- 
duced in the midst of a fibrillated cartilage. 

Erosion of Cartilage. — AUnsion must be made here to a 
morbid condition of cartilage which is exceedingly ci 
in people past middle life. It consists in 
npon the surface of the articular cartOages of small, 
yellowish, flocculeut spots, which gradually increase in 
size, and ultimately break down and become destroyed, 
leaving a superficial erosion. The change occurs nuiiVL 
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frequently in tlie cartilages of the patella and of the knee- 
joint, and in other situations in which the cartilages 
are especially subjected to pressure. 

When the diseased portions are examined microsco- 
pically, the most marked alteration is seen to consist in 
a fibrillation of the intercellular substance of the carti- 
lage. Some of the cartilage-cells are also increased in 
size and show signs of proliferation ; whilst others are in 
various stages of fatty metamorphosis. The change 
appears to result from long-continued irritation due to 
pressure, and it may be regarded as an irritative process, 
in which, owing to the natural poverty of the vascular 
supply, retrogressive changes occupy a very prominent 
place. 

INFLAMMATION OP THE COKNEA. 

The process of inflammation as it occurs in the cornea 
has been chiefly studied in the frog. After irritation of 
the frog's cornea, the earliest changes observed consist in 
the conjunctival epithelium becoming visible, and in the 
appearance amongst the epithelial cells of a few leuco- 
cytes, which have probably escaped from the hyperaemic 
vessels of the conjunctiva. The cornea-corpuscles and 
their prolongations then become visible (they are invisible 
in the healthy cornea, which appears perfectly structure- 
less), and the prolongations are the seat of slight amoeboid 
movements. At a somewhat more advanced stage the 
cornea-corpuscles become altered in form, their prolonga- 
tions become much shorter, they lose their stellate outline, 
and gradually assume more the appearance of cartilage- 
cells. The next change observed in the enlarged and 
rounded corpuscles consists in their proliferation, and in 
the place of each corpuscle is seen a clump of young, 
round, amoeboid cells, many of which are indistin- 
guishable from the living corpuscles of pus. 

Whilst these changes are taking place in the corpuscles 
of the inflamed cornea, the intercellular substance gra- 
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dually becomes increasing opaque, owing to its infiltra- 
tion with young cellular elements (leucocytes). These are 
so numerous and increase so rapidly, that they must 
undoubtedly be regarded as, in the main, emigrant white 
blood-corpuscles ; although from the changes observed to 
take place in the earlier stages of the process in the fixed 
elements of the cornea, it must be admitted that they 
are partly derived from the proliferation of the cornea- 
corpuscles. As the number of these young elements in- 
creases the consistence of the cornea becomes diminished, 
until ultimately the tissue breaks down and is destroyed. 
The inflammatory process may continue until the whole 
of the substance of the cornea is softened and destroyed ; 
or it may become arrested. In the latter case more or less 
thickening and opacity of the cornea will result, owing to 
the increase in the number of cells and the changes in the 
intercellular substance. 



CHAPTER XXX. 

INFLAMMATION OF COMMON CONNECTIVE TISSUE. 

CoHMON connective tissue is one of the most freqnent 
seats of the inflammatory process, not only the anbcnta- 
neous connective tissue, but also the connective tissue 
of organs and of other parts. 

If connective tissue be examined a few hours after the 
infliction of an injury, it will be found that in place 
of the fibrillated substance and flxed connective-tissae 
corpuscles of which it is normally composed, the tissue is 
infiltrated with amoeboid cells (leucocytes), and that the 
flbrillated intercellular material has become homogeneons 
and gelatinous in consistence. The number of these oeUs 
gradually increases, and the intercellular substance gra- 
dually becomes more completely destroyed — ^being pro- 
bably consumed by the newly-formed elements — so that 
ultimately the tissue consists almost entirely of small 
round cells held together by a very small quantity of soft 
gelatinous intercellular material. 

Respecting the source from which these young elements 
are derived— i.e., how far they are emigrants, and how 
far they are the offspring of cells belonging to the con- 
nective tissue — ^there appears to be little doubt that they 
are almost entirely emigrants. Although it was fohnerly 
supposed that the connective-tissue corpuscles multiplied 
very rapidly in inflammation, and that the newly-formed 
ceUa were entirely the xesvAt oi thaii proliferation, the 
recent investigations oi PToi^aaoT^C:.^'s^^-vni.%ai.^.'^\xN£toB^ 
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dually becomes increasing opaque, owing to its infiltra- 
tion with young cellular elements (leucocytes). These are 
so numerous and increase so rapidly, that they must 
undoubtedly be regarded as, in the main, emigrant white 
blood-corpuscles ; although from the changes observed to 
take place in the earlier stages of the process in the fixed 
elements of the cornea, it must be admitted that they 
are partly derived from the proliferation of the cornea- 
corpuscles. As the number of these young elements in- 
creases the consistence of the cornea becomes diminished, 
until ultimately the tissue breaks down and is destroyed. 
The inflammatory process may continue until the whole 
of the substance of the cornea is softened and destroyed ; 
or it may become arrested. In the latter case more or less 
thickening and opacity of the cornea will result, owing to 
the increase in the number of cells and the changes in the 
intercellular substance. 
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CHAPTER XXX. 

INFLAMMATION OF COMMON CONNECTIVE TISSUE. 

Common connective tissue is one of the most freqnent 
seats of the inflammatory process, not only the subcuta- 
neous connective tissue, but also the connective tissue 
of organs and of other parts. 

If connective tissue be examined a few hours after the 
infliction of an injury, it will be found that in place 
of the fibrillated substance and fixed connective-tissue 
corpuscles of which it is normally composed, the tissue is 
infiltrated with amoeboid cells (leucocytes), and that the 
fibrillated intercellular material has become homogeneous 
and gelatinous in consistence. The nunaber of these cells 
gradually increases, and the intercellular substance gra- 
dually becomes more completely destroyed — ^being pro- 
bably consumed by the newly-formed elements — so that 
ultimately the tissue consists almost entirely of small 
round cells held together by a very small quantity of soft 
gelatinous intercellular material. 

Eespecting the source from which these young elements 
are derived—i.e., how far they are emigrants, and how 
far they are the offspring of cells belonging to the con- 
nective tissue— there appears to be little doubt that they 
are almost entirely emigrants. Although it was fotmerly 
supposed that the connective-tissue corpuscles multiplied 
very rapidly in inflammation, and that the newly-formed 
cells were entirely the result of their proUferation, the 
recent mvestigatious of Professors Cohnheim and Strieker 
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show that this view is erroneous ; and according to Cohn- 
heim, the^ corpuscles take no part whatever in the in- 
flammatory process. Professor Strieker, however, has 
observed them undergoing active movements in the in- 
flamed tongue of the frog, and although he has never 
seen them divide, he concludes that, like the elements of 
most other tissues, they probably do so in the latter stages 
of the inflammatory process. The present state of our 
knowledge respecting inflammation of connective tissue 
would therefore appear to justify the conclusion that in 
the early stages of the process all the young cells are 
emigrants, but that most probably in the latter stages 
many of them are derived from the proliferation of the 
connective-tissue corpuscles. 

Such being the nature of the changes which more 
immediately follow injurious stimulation of the connec- 
tive tissue — the inflammatory process may terminate in 
resolution, in organisation, or in suppuration, 

Eesolution. — If the injury sustained by the tissue is 
not severe, the inflammation may gradually subside, the 
process terminating in resolution. In this case the 
hyperasmia diminishes, the emigration ceases, some of the 
young cells undergo fatty metamorphosis and thus be- 
come absorbed, others pass into and are removed by the 
lymphatics, and the tissue gradually returns to its 
normal condition. 

Organisation. — If the inflammatory process does not 
terminate in resolution, many of the young cells may 
become more fuUy developed and ultimately form a 
flbrillated tissue. This organisation of the inflammatory 
formation is seen in the healing of wounds by the " first 
intention," and also in many of the chronic inflamma- 
tions of the kidney, liver, and other organs. In order 
for it to occur it is necessary that there should be a con- 
siderable diminution in the intensity of the inflammation. 
(See ** Chronic Inflammations.") 
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tions, and bj the subsequent derelopmemt oE these into* 
fibrillated atractnre. 

The proceee of organisation, in tLese cases is efiectedii 
the first place by the development of iiba joong oelli i> 




■« vrantiuaiag SuT/Uce a Laser 
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Telopmeut of the eranolstioD tiBS 
- 80U (Kmdflwi 
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structure 

the Bnperfidal layers ot the inflamed bssue into a ^rann 
lation tisane m the same manner as ishen there is d< 
suppuration This granulation tissue however, beinj 
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situated superficially, and coming into contact with the 
external air, becomes arranged in the form of small papil- 
liform nodules, which are known as granulations. This 
arrangement of the granulation-tissue in the form of 
granulations, appears to be determined by that of the 
new capillary blood-vessels which are developed so 
rapidly in it. These vessels form little vascular loops, 
and the young cells are arranged round them, so that 
each loop corresponds with a single granulation. The 
deeper layers of the granulation-tissue gradually become 
developed into a fibriUated tissue, whilst the cells on the 
surface of the granulations, together with the liquids 
exuded from the subjacent vessels, are discharged in the 
form of pus. (Fig. 73.) 



•f- 
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CHAPTER XXXI. 

INFLAMMATION OF BONE. 

Inflammatory processes in bone give rise, for the most 
part, to an increase of mednllarj tissue and to softening 
of the compact osseous structure. 

The process takes place in the medullary tissue and in 
the Haversian canals, the primary vascular phenomena 
being followed by the emigration of blood-corpuscles. 
The cells in the medullary spaces and Haversian canals 
enlarge and multiply; in those which contain fat — ^the 
adipose cells — the fat is first removed, and thus a tissue 
is formed, consisting of numerous small roxmd cells, larger 
cells containing several nuclei closely resembling the 
" myeloid cells," and a scanty soft intercellular substance. 
This is an inflammatory granulation-tissue, the large 
multinucleated elements being similar to those normally 
met with in the medulla of growing bone. Whilst these 
changes are taking place in the medullary tissue, the 
surrounding osseous lamellas are gradually absorbed, the 
lime salts are removed, and in this way the medullary 
spaces and Haversian canals increase in size and ultimately 
become confluent. There is thus a new formation of medul- 
lary granulation-tissue at the expense of the compact 
osseous structure, and the bone becomes exceedingly 
spongy, soft, and vascular. 

If the process be not severe it may occasionally, in its 
earliest stages, terminate in resolution. More commonly, 
however, it continues until more or less of the bone 
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' i 
becomes replaced hf the inflammatoTy tissne. If the in- 
flammation be of consideraUl intensity, it leadh to the 
formation of pns. The cellnlar infiltration increases, the 
compact osseons tissne becomes more and[more absorbed, 
and the pns which is produced may accnmnlate beneath the 
periosteum or in the centre of the bone, so as to form an 
abscess. This constitutes the condition known as osteo- 
myelitis or ctcute ostitis. These intense forms of inflam- 
mation often lead to necrosis of the bone. 

When the inflammation is of much less intensity, the 
new inflammatory tissue may undergo progressive de- 
velopment, and form new bone. In this case a new for- 
mation of osseous tissue takes place in the enlarged 
Haversian canals and cancellous spaces, so that the bone 
becomes converted into a heavy dense structure consisting 
of hard compact osseous, with very little cancellous 
tissue. This is sclerosis of bone. 

Periostitis. — Inflammation of the periosteum may be 
localised or diffuse, acute or chronic. Acute inflamma- 
tions of the periosteum lead to the formation of pus, 
which accumulates between the bone and the periosteal 
membrane. This, by interfering with the vascular supply, 
frequently causes necrosis of the superficial layers of the 
bone ; and if a large portion of the periosteum be in- 
volved, and the inflammatory process extend to the deeper 
parts of the bone, the whole bone may die. Another 
not infrequent result of periostitis is a chronic superficial 
inflammation and caries of the bone. 

When the inflammation of the periosteum is less intense 
and more chronic, the new inflammatory growth produced 
in the deeper layers of the membrane may become de- 
veloped into osseous tissue (periosteal ossification).* The 



* According to Billroth, this new osseons tissne is partly derived 
from the bone itself, which, he states, is the seat of a superficial 
ostitis. (See "Billroth's Surgical Pathology and Therapeutics,'*, 
translated by Hackley. 4th Edit., p. 419.) 
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process thus canses enla>rge]!ieiit of tiliA bone, or if this be 
necrosed. It helps to reproduce th6 lost stracture. (See 
"Necrosis.") 

Strictly localised inflammations of the periosteum occur 
in the formation of nodes, and here also there is fre- 
quently a new growth of bone. 

Necrosis. — All conditions interfering with the supply of 
blood to a bone may be causes of its death. . NecrosiB 
may thus result from accident, portions of bone being 
violently separated from their vascular connections, or, 
more commonly, the periosteum being stripped off and in- 
jured. Much more frequently, however, it is the result of 
the intense inflammatory processes in the bone or perios- 
teum which have been described. 

The bone, when dead, undergoes a gradual process of 
separation from the adjacent living tissue. This is 
effected in the same way as the separation of sofb struc- 
tures. (See " Gangrene.") The adjacent living bone 
becomes the seat of an inflammatory process, a granula- 
tion tissue and pus are produced, and by this means the 
dead portion is completely separated. When separated 
it is termed a sequestrum. 

The removal of the sequestrum from the granulation 
tissue with which it is in contact is often only effected 
with considerable difficulty, especially if it be deeply 
seated. This difficulty is occasionally due to a more or less 
thick layer of the old bone surrounding the necrosed por- 
tion. Much more frequently, however, it is owing to the 
participation of the periosteum in the inflammatory pro- 
cess. The inflamed periosteum produces new bone, a 
capsule of which is thus formed, enclosing the sequestrum. 
Openings exist in this capsule {cIo(ic(b) leading to the dead 
bone, and through these openings the inflammatory pro- 
ducts are discharged. When the sequestrum is quite 
superficial, its removal is, of course, more readily effected. 

Caries.— By caries is understood that inflammatory dis- 
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integration of bon^ and removal of the dead products 
wbicli corresponds with xdcerilion of soft parts. Caries 
is therefore one of the results of inflammation of osseous 
tissue. 

Inflammatory processes in bone which are of compara- 
tively slight intensity have been seen to be characterised 
histologically by a gradually increasing production of an 
inflammatory granulation-tissue from the medullary 
tissue of the bone, and by the absorption of the compact 
osseous structure. Whether the bone cells also proliferate 
is still 8uh judice. This absorption of the bone appears 
to be effected entirely by the new inflammatory growth. 
When these chronic inflammatory processes occur in the 
superficial layers of the bone beneath the periosteum, the 
bone is gradually destroyed, and presents a ragged irregu- 
lar excavated surface. This is superficial caries, or xdcera- 
tion of bone. The floor of the ulcer consists of a cancel- 
lous structure containing the debris of the disintegrating 
process. In many cases there is a marked condensation 
(sclerosis) of the deeper portions of the bone. 

Chronic inflammatory processes in the interior of bone 
cause in the same way absorption and disintegration of the 
osseous structure. Here, however, the inflammatory pro- 
ducts being less readily removed, sometimes undergo, 
especially ia scrofulous children, a kind of caseous trans- 
formation, and the carious cavity contains molecular 
debris, sanious pus, and minute portions of dead bone. 
The inflammatory granulation-tissue often projects as 
fungating masses into the cavity. 

Caries is frequently associated with more or less ne- 
crosis, especially when the process affects the interior of 
the bone. Small portions of bone are cut off from their 
vascular supply, become detached, and are found in 
the carious cavity. 

There are two other morbid conditions of bone, which, 
although probably not coming within the category of «c- 

T 2 
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flammatioii, may be conveniently described in the piesent 
chapter — ^viz., MolUties Ossvwm and Eiekeis. 

MOLLITIES OSSIUK. 

Mollities Ossinm or Osteomalacia is a rare disease, 
occurring only in adults. It is characterised by a pro- 
gressive softening of the bones, owing to an increase in 
their medullary tissue and the destruction of the com- 
pact osseous structure. The bones become so mudi 
softened that they can be easily cut with a knife ; they 
are exceedingly light, and bend readily in aU directions. 
On section, the cortical layer is found to be almost de- 
stroyed, the bone consisting of a wide cancellons stmctore 
containing a reddish, gelatinous, fatty materiaL 

The nature of the disease is obscure. According to 
Bindfleisch, the change consists in a decalcification of the 
osseous tissue spreading gradually from the medulla and 
cancelli of the bone. The decalcified tissue does not become 
so completely absorbed as in inflammation of bone, but 
undergoes more or less of a mucoid change. The medul- 
lary tissue is exceedingly vascular, but unlike ordinary 
granulation-tissue it usually contains much fat. Lactic 
acid has been found in the bone and in the urine. The 
urine usually also contains lime salts, which have been 
removed from the bone and eliminated by the kidneys. 

BICKETS. 

The common disease of children so well known as 
Rickets or Rachitis is mainly characterised by certain 
alterations in the bones. The bones generally are 
softened. The ends of the long bones are enlarged, and 
the fiat bones are thickened. As a resxdt of these altera- 
tions the bones become deformed, and their growth is 
frequently arrested. 

Respecting the nature of this disease, we are at present 
unable to speak certainly. It appears, however, to be 
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closely associated with mal-nutrition, and all those con- 
ditions which materially interfere with the nutrition of 
the child may be causes of the disease. 

The alteration in the bones may be briefly described — as 
stated by Sir W. Jenner — as consisting in an increased 
preparation for ossification, but an incomplete perform- 
ance of the process. In a growing bone the zone of soft 
tissue in which the process of conversion of cartilage into 
bone is taking place is exceedingly narrow, the prolifera- 
tion of ihe cartilage involving only one or two rows of 
the cartilage cells. In rickets this transition zone is 
very considerably widened, the proliferation of the cartilage 
cells extending for some depth into the cartilage, and the 
adjacent layer of cancellous tissue being much broader 
than natural The junction between the bone and the 
cartilage is also exceedingly irregular, so that in some 
parts the cancellous bone extends into the cartilage much 
further than in others. Usually the proliferation of the 
cartilage in the transition zone is accompanied by the 
calcification of the new tissue and its conversion into 
bone. In rickets, however, this calcification takes place 
very incompletely, and thus a wide layer of imperfectly 
calcified soft tissue is formed at the growing end of the 
bone. 

A similar abnormality exists in the process of ossifica- 
tion from the periosteum. Here also the zone of vascular 
granulation-tissue from which the bone is developed is 
exceedingly broad, the calcification of the tissue is exceed- 
ingly incomplete, and the bone thus becomes thickened by 
a soft, vascular, and very imperfectly calcified structure. 
As the bone grows the medullary cavity naturally widens, 
and the compact tissue becomes absorbed. This imperfect 
formation of osseous tissue from the periosteum produces 
therefore considerable sofbening and weakening of the 
bone. 

The changes in the bones in mke^^'^ \2sixy& 0^<;^*^^ ^^- 
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semble those which occur in the normal process of ossifica- 
tion. There is the same proliferation of the cartilage- 
cells and of the deeper periosteal lajers, but this prolifera- 
tion occupies abnormallj large areas. The development 
of the young cells and the transformation of the new tissue 
appears also to be more or less incomplete. In many 
parts the joung elements do not form perfect bone-cells, 
but simply angular cells without canaliculi, whilst in 
others the development may be much more complete. 
Various transitions are thus met with between tolerably 
well developed and very imperfect bone-structure, bnt 
owing to the deficiency of lime salts this structure is 
very imperfectly and very irregularly calcified. 



CHAPTER XXXII. 

INFLAMMATION OF BLOOD-VESSELS. 

INFIAHMATION OP AETERTES. 

r 

In studying the process of inflammation in arteries, it 
must be borne in mind that the inner coat of these 
vessels is non- vascular, the blood-vessels being distributed 
in the external layers. 

Acute and chronic inflammations of arteries are a very 
frequent result of coagulation of the blood within the 
vessel (thrombosis). Such inflammations wiU be con- 
sidered in the chapter on Thrombosis. Independently of 
thrombi, the most acute inflammatory processes in arteries 
are for the most part the results of injuries from violence, 
or of inflammation in adjacent tissues. Here, the histolo- 
gical changes are principally confined to the external coat 
of the vessel. This becomes exceedingly hypersemic and 
infiltrated with small cells, the cellular infiltration in- 
volving also the middle coat. As a consequence of these 
changes in the outer coats the vitality of the intima is de-* 
stroyed, and when this has occurred the blood contained 
within the vessel coagulates. 

Atheroma. — The more chronic forms of arterial inflam- 
mation give rise to changes which are most marked in the 
deeper layers of the inner coat, where they produce those 
various alterations in the walls of the vessel which con- 
stitute what is known as atheroma. In the earliest stage 
of the inflammatory process the fibtou^ «liA ^2^'?^2iR.^sfl£s^sS^iS5& 
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of tbe iimer coat of the Teasel beoome infiltrated witk 
young ceUs, which are probably parti; emigrau^ and 
partly derived from the proliferation of the cells of thaw 
stnicitnreB. As these jonng cells increase in nnmber they 
give rise to a swelling beneath the innermost layers of 

Fio. 74. 




Atheroma c^the Aorta, Showing the new growth in the 
deeper laycrB of the inoer coat, and the conaeqnent tu- 
tenialljulgiDirof the vessel The UBW tisaas hu imder- 
Bone more or less fatty degeoeratioD, There [b »lso some 
callul&r infiltration of the middle coat, i, internal, m. 
mlddla, e. external coat of TOBBel. x fiO reduced }. 

thi« coat of the artery (Fig. 74). This swelling of the 
inttma is very characteristic It is, in the earlier stage of 
the process, of a soft flabby consistence, and the lining 
membrane which is continnoua over it can be stripped off 
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leaving the diseased tissue beneath. It thus contrasts 
strongly with the superficial patches of fatty degenera- 
tion v^hich result from the fatty metamorphosis of the 
endothelial and connective tissue cells of the vesseL (See 
" Fatty Degeneration of Arteries.") 

The results of the inflammatory process will depend 
upon its severity. If the process be very acute, the young 
elements accumulate rapidly and infiltrate the middle 
and external coats, so that the walls of the vessel become 
so much softened, that dilatation, aneurism, or rupture 
may ensue. Such acute changes are a common cause of 
aneurism. The inflammation, lipwever, is usually of less 
intensity and runs a more chronic course, and it is only 
to these more chr<yndc arterial changes thatHShe term 
" atheroma," is commonly applied. 

When the process is less intense and more chronic in 
its course, it leads to various alterations in the wall ofthe 
vessel. The soft cellular infiltration of the deeper layers 
of the intima usually undergoes retrogreisive ^^axijges, 
owing to deficient nutritive supply. These changes 
commence in the deeper portions o^ the aew tissue. The 
young cells undergo fatty degeneration, the intercellular 
substance softens, and thus a soft, yellowish, pultaceous 
material is produced beneath the lining membraiie of the 
vessel. This has been termed an atheromatous abscess,' 
The lining membrane may ultimately give way and ^le 
softened matters be carried away by the circulation, and 
thus is produced the atheromatous ulcer. In o^iutt 
cases the more liquid constituents of thi degenerated 
tissue gradually become absorbed, cholesterin forms, and 
thus a mass, consisting of broken-down fibres and cells, 
fatty debris, and cholesterin crystals, with a varying 
quantity of the original fibrillated tissue, remakis in 
the deeper layers of the inner coat. (Fig. 74.) This 
may subsequently calcify, and so form a calca/reoiM 
plaie. 
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In the most chronic forms of the atheromatous proceas 
there is more or less fibrillation of the new tissae, and 
thus is produced a, fibroid thickening of the inner coot d 
the artery. The organisation, however, is rarely complete, 
more or less fatty debris being usually enclosed in the 
fibroid stroma. 

Respecting the causes of these chronic arterial ioflan- 
mations included under the common term of atiberomiH- 
they are probably mainly due to OYcr-strain of the yesael, 
the strain exercising a chronic injurious influence. This 
view has been especially insisted upon by Dr. Moxon.* 
It is supported by the fact that those vessels which are 
the most exposed to strain, are the most liable to this 
disease, a^g. the arch of the aorta ; also by the exceeding 
frequency of atheroma in all those conditions in which 
there is an increase of the blood-pressure. The effect of 
increased blood-pressure as a cause of atheroma is seen 
in the liability of athletes to the disease ; and also in the 
frequency with which it occurs in chronic Bright's disease, 
and in the pulmonary vessels in cases of mitral obstruc- 
tion, &c, 

rNFLAMMATION OF VEINS. 

Inflammatory processes in veins are more frequent than 
in arteries, but here they are in the very great majority of 
cases secondary to coagulation of the blood within the vein 
(thrombosis), the coagulum acting as an irritant to the 
coats of the vessel. These inflammations resulting from 
thrombosis will be treated of in a subsequent chapter 
(see " Results of Thrombosis"). 

The inner coat of the veins is, like that of the arteries, 
non-vascular, and hence acute inflanmiatory changes are, 
for the most part, confined to the external and middle 
coats. Independently of inflammations resulting from 



* "Lectures on Pathological Anatomy." Wilks and Moxon, 
2nd Edit, p. 160. ^ 
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thrombosis, the lining membrane of veins appears to un- 
dergo no active changes. 

Acnte and chronic inflammatory processes in veins are, 
as already stated, most frequently due to thrombosis. They 
may also result from violent injury, or from the exten- 
sion of inflammation from adjacent tissues. The pro- 
cess, when acute, closely resembles that in the arteries. 
The external and middle coats become infiltrated with cells, 
the intima xdtimately loses its vitality, and when this has 
occurred the blood within the vein coagulates. 
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CHAPTER XXXni. 



INFLAMMATION OF THE HEABT. 

Inplamkatobt processes in the heart may a.ffect the sub- 
stance of the organ, or the endocardinm. Thej are much 
most frequent in the last-named situation. 

ENDOCABDITIS. 

Endocarditis is for the most part limited to the valves of 
the heart, although it is occasionally met with involving 
more or less of the cardiac cavities. The process is 
almost exclusively confined to the left side of the organ, 
and in the great majority of cases it commences in, and 
comparatively rarely extends beyond, the confines of the 
aortic and mitral valves and the corresponding orifices. 
Further— it is those portions of the valves which come 
into contact in the act of closure, and are thus most ex- 
posed to friction, which are especially involved, and in 
which the changes usually commence. Thus, in the aortic 
valves, it is the convex surfaces of the segments which 
are most liable to be affected, and not the free edge of the 
segment, but the little band of tissue which passes from 
its attached border to the corpus Arantii in the centre; 
and in the mitral valve, the auricular surface of the seg- 
ments at a little distance from the attachment of the 
chordae tendineas. When portions of the endocardium 
apart from the valves are affected, this is frequently due, 
as pointed out by Dx. "NLoxoii, \a i\ift \xTvt^.tiQn caused by 
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the friction of vegetations or fibrinotis clots situated on 
the valves themselves. 

The histological changes accompanying endocardi- 
tis closely resemble those ahready described as occnrring 
in those more chronic forms of arterial inflammation 
known as atheromatous. The endocardium and inner 
coat of an artery are very analogous in their structure, 
both being non-vascular, and consisting of a layer of con- 
nective tissue with an internal endothelial covering. The 
inflammatory process may be acute or chronic. 

Acute Endocakditis. — If the process be acute, the 
deeper layers of the endocardium become rapidly infil- 

FiG. 76. 




Acute Endocarditis. A granulation from the mitral 
valve, showing a fibrinous coagulmn npon the surface 
of the granulation, x 10 (Bindfleisch.) 

trated with young cells, and as these increase in number 
the intercellular substance becomes softened and de- 
stroyed, and thus is produced a sofb tissue composed 
almost entirely of cells such as always results from 
inflammatory processes in connective tissue. The new 
tissue as it increases tilts up the superjacent endothelium 
and projects in the form of minute granulations and 
vegetations upon the surface of the softened valve. The 
endothelial elements may also participate in the active 
process. 

The above changes take place in an almost non-vascular 
tissue, and although there is more or less increase of 
vascxdarity in the more external endocardial layers, where 
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the capillaries are more nuinerons, there is rarely any 
redness or injection of the endocardium seen after deatilL 
Neither is there nsnally any liquid exuded upon the 
surface of the granulations. What was formerly regarded 
as an exuded material, is in the main coagxdum which has 
been deposited from the blood upon the roughened sur- 
face of the yalve. This deposition of coagulum frequently 
occurs in endocarditis, the roughened and abnormal endo- 
cardium acts as a foreign body and so causes a depositua 
upon its surface. This must not be confounded with the 
vegetations themselves. (Fig. 75.) 

The results of this cellular infiltration vary. If the 
process be very acute the new tissue may break down, 
and thus a loss of substance result — ^an endocardial 
xdcer. This takes place without any accumulation of ceDe 
sufficient to form an abscess, the new tissue simply be- 
coming rapidly softened and disintegrating. In rare 
cases, however, small quantities of pus are found in the 
deeper endocardial layers. The ulcer is irregularly defined, 
and its edges are usually swelled and thickened. This 
ulcerative endoca/rditis i8,however,not frequent, the process 
usually being less acute. The xdceration may lead to per- 
foration of the valve, or to a considerable destruction of 
its substance. Laceration or aneurism of the valve may 
also ensue from the pressure exercised by the blood against 
the damaged tissue. Sometimes the ulcerative process 
extends so as to involve the cardiac substance. Ulcerative 
endocarditis is a grave afiection, often giving rise to em- 
bolism, and sometimes to a pyasmic process. 

When the inflammatory process is less severe, as is 
much more commonly the case, the new tissue becomes 
incompletely organised into a fibrillated structure, whilst 
it undergoes, in part, fatty and calcareous degeneration. 
These changes may result in the adhesion of the valves, 
either to one another or to the walls of the heart. They 
always produce permanent thickening, rigidity, and sh/rinh 
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ing of their stmcture. The new tissue may contintie to 
grow after the severity of the process has subsided, and 
thus are produced the vegetations and papillary excres- 
cences on the valves which are so commonly met with. 
These consist of a lowly-organised tissue, which tends to 
undergo fatty and calcareous changes. 

Chronic Endocarditis. — This may be the sequel of 
acute inflammation, or the process may from its com- 
mencement be chronic in its nature. In chronic endo- 
carditis the formation of new cells is much less rapid and 
abundant than in the acute form ; the intercellular sub- 
stance consequently becomes much less softened and 
destroyed, and the new tissue has a much greater ten- 
dency to become developed into a fibrillated structure. 
The result of these chronic processes is therefore to pro- 
duce a fibroid thickenmg of the endocardium, and so to 
cause considerable induration and contraction of the 
valves or valvular oriflces. The new tissue sometimes 
forms papillary growths on the valves, which undergo 
partial fatty and calcareous changes. 

MYOCABDITIS. 

Myocarditis, or inflammation of the cardiac substance, 
is much less frequent than the preceding. Intense and 
concentrated inflammations leading to the formation of 
abscess probably occur only as the resxdt of a pysemic 
process. Less intense and more diffuse forms of cardiac 
inflammation are also not unfrequently met with in asso- 
ciation with pericarditis, and, less commonly, with endo- 
carditis. Here the inflammatory process appears, by 
extension, to involve the immediately adjacent muscular 
layers of the organ, which are found infiltrated with 
small cells, the fibres themselves, being softened and 
granular. 

In addition to the above, a form of myocarditis ts^^vs^^ 
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be recognised m which the sabstance of the heart beoooM 
more generallj involved. In certain, atsee of acute iheii- 
matiam the mvacular tissae of tbe heart ii found ^ter 
death swollen, softened, opaqne, and oocaeionallj &intlj 
mottled with slightl j jellowiah patches. When examined 
microBcopicallj, the fibres are seen to have lort tJwu 
striation and to be finely ({ranolor, thur nnclei are large 
and prominent, and small cells are fonnd in Taiyiug 
munbers infiltrating the intermuscular tisane (Fig. 76|- 

FiQ. 76, 




ardm. From a _ 

A Win e«0Uon of the left ventricle made in the direction irf 
the muBoular fibres, showing the eranular and ewollen 
condition of tbe fibrea, and the proi " • ■ ■ 

b. A Iranaverae sect"- -' ■—-•' 

the intennuscdlar ti 

I have met with these appearances in two or three cases 
of acute rheomatism, and thej must, I think, be regarded 
as evidence of the eristence of an. acute infiammatoi; 
proceas. Tie change is most marked in the left ventricle, 
and it is usuallj associated with endo- or pericarditis. 
It is a grave complication of acut« rheumatiun, and pos- 
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Biblj of some other diseaaes, and ia probably more f reqnent 
than is generally eupposed. 

FiBEOiD Indubition op ihb Heaet. — This ia probably, 

Fra, 77, 




Fibroid ladnTation of the HmH. A thin sectioD (n>m 
the wall of the left ventricle, sbowing the small^celleii 

growth in the intermuscnlBr aepta ' " '' ' 

TOBselB. a. a. Tesaela. x 2U0. 



areond the blood- 



ID most cases, a result of myocarditis. The cliange i« 

characterised by the development of a librillated tdsane 

Fio. 78. 
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between the muscular elements. The process conun«ieeB 
in the intermuscular septa around the blood-Tesaek 
This becomes infiltrated with small cells, which tend to 
become developed into a fibrillated structure. (Fig. 77.) 
The growth of new tissue gradually extends between the 
bundles of muscular fibres, so that ultimately each fibre 
may be sarrounded by a tract of dense fibroid tissue. 
(Fig. 78.) The muscular fibres themselves, owing to the j 
resulting interference with their nutritive supply, atrophy, 
undergo fatty metamorphosis, and are gradually replaced 
by the fibroid growth. (Fig. 78.) Very frequently the 
cellular nature of the growth, which I believe to charac- 
terise the earlier stages of its development, is not seen, 
the new tissue being simply fibroid.* 

Fibroid induration of the heart appears in most casei 
to be induced by infiammatory processes oonunencing in 
the peri- or endo-cardium. When secondary to peri- 
carditis, the change is usually most advanced in the more 
exterual poi-tions of the cardiac walls, and it commonly 
afibcts both the right and left ventricles. When, on the 
other hand, an endocarditis is the precursor of the indu- 
rative process, the change is more marked in the internal 
muscular layers, and inasmuch as inflammatory processes 
in the endocardium occur almost exclusively in the left 
cardiac cavities, the left ventricle is principally involved. 
In other cases the fibroid growth appears to be the resnlt 
of syphilis. (See " Syphilis.*') 

Although the growth of new tissue is thus usually 
more advanced in certain portions of the muscular walls 
than in others, it is by no means unifonnly distributed. 
In some parts it may be very dense, the muscular fibres 



* Dr. Hilton Fagp^e, in a Berios of eleven cases of fibroid disease 
of the heart, found that cellular oh'meuts in the new grrowth were 
almost invariably absent. (See "Trans. Path. Soc. Loud./* vol 
XXV. p. 64.) 
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being entirely obliterated, whilst in others it is entirely 
wanting, and the muscular elements present a normal 
appearance. 

Fibroid induration of the heart — excluding that result- 
ing from syphilis — appears to occupy the same patholo- 
gical position as similar fibroid changes in other organs — 
e.g., in the liver and kidneys. It must therefore be 
regarded as the result of a chronic inflammatory process, 
which might be termed chronic myoca/rditis. Its effect 
must evidently be to interfere very materially with the 
motor power of the organ, and it consequently constitutes 
one of the most grave of all cardiac diseases. 

The cardiac walls become much thickened by the new 
growth, and the induration of texture is often very 
considerable. In the specimen from which the accom- 
panying drawings were made, the disease was apparently 
secondary to an endocarditis, and the walls of the left 
ventricle were so hard that they cut almost like a piece 
of tendon. 
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CHAPTER XXXIV. 

INFLAMMATION OF LYMPHATIC STRUCTURES. 

Inflammatory processes in Ijmpliatic stmctnres nsnaDy 
resnlt from their irritation by substances conveyed to 
tbem by the lymphatic vessels. They include — aciifc 
and chronic inflammations, and the specific inflammation 
associated with Typhoid Fever. Each of these must be 
considered separately. 

ACUTE INFLAMMATION OF LYMPHATIC STRUCTUBES. 

Examples of acute inflammation of lymphatic structures 
are furnished by the inflammation of the glands in the 
axilla from a wound on the hand, of the glands in the 
groin from gonorrhoea, and of Peyer's and the solitary 
glands in the intestiae from inflammation of the intestinal 
mucous membrane. 

The process consists in a hyperaemia of the gland to- 
gether with a rapid increase in the number of the lymph- 
corpuscles. This increase is probably due, partly to a 
hyperplasia of the original cells of the gland, and partly 
to the migration of blood-corpuscles. The corpuscles not 
only increase in number, but many of them become much 
larger in size, and their nuclei multiply. The cells of the 
trabeculae also participate in the active process. The 
increase in the size of the elements and the multipli- 
cation of their nuclei usually leads to the production 
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of some larger cells contaming three or four nuclei. 
These resemble the "myeloid cells." They have been 
already alluded to as being frequently met with in lym- 
phatic structures which are undergoing active processes. 
(See Fig. 39.) Owing to these changes the gland becomes 
considerably increased in size, soft and pulpy in consist- 
ence, and its cortical and medullary parts are no longer 
distinguishable. 

Upon the removal of the source of irritation the process 
may gi-adually subside, the new elements undergo dis- 
integration and absorption, and the gland returns to its 
normal condition (Eesolution). In other cases the process 
goes on to suppuration, the trabecule are destroyed, 
many of the cells become disintegrated, and the loculi of 
the gland become filled with pus. This is usually -asso- 
ciated with inflammation and suppuration of the sur- 
rounding connective tissue. In the glands of a mucous 
membrane the process gives rise to what is known as a 
follicxdar abscess. 

CHEONIC INFLAMMATION OP LYMPHATIC STRUCTURES. 

Chronic inflammations of lymphatic' structures result 
from irritations which are less severe and more prolonged 
in their action than those which give rise to the acute form. 
The resulting hyperplasia of the elements of the gland 
is consequently a more continuous one, and the gland 
becomes more or less permanently increased in size. This 
hyperplasia takes place not only in the lymph-corpuscles, 
but also in the reticulum. These chronic inflammatory 
processes difi'er from the acute, inasmuch as they lead to a 
gradually increasing development of the reticular structure 
of the gland. The reticulated network becomes thicker 
and more fibrous, its meshes become smaller and smaller, 
the lymph-corpuscles diminish in number, and thus the 
gland becomes hard and fibrous in coivsvatevia^. ^V^.^'^^ 
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Scrofulous Olands.-^-ln. those chronio inflanuaalions of 
tlie Ijmphatic glands whicU occur especially in ■dofnlogi 
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anbjecto, and in which the glands tend to become cawnnsi 
the process more closely resembles in its histological 
details what haa been described as occurring in the acute 
form. Here the proliferation is principally confined to 
the lymph -corpnacles. These increase in niunber, and 
many of them become considerably enlarged and form 
mnltinncleated elements. The gland thus becomes ai- 
larged, soft, and elastic in conHJstence, and of an nnifons 
greyish-white colour. Owing to the obstmction to the 
circulation caused by the pressure of the new growth, tte 
latter undergoes retrogressive changes and becomM 
caseons. The caseous material may snbseqaently liquefy, 
or become infiltrated with calcareous particles. 

INFLAMMATIOS OP LYMPHATIC STRUCTDBES ni 



The inflammatory processes which occur in the Ijni' 
phatio structures in Typhoid Fever, have their seat in tlie 
spleen, in the lymphatic structures of the intestine, and 
in the mesenteric gl&ndB, 



TYPHOID FEVEE. 295 

The Spleen. — In the spleen the change resembles that 
which occurs in many of the other acute febrile diseases, 
although it reaches its maximum in typhoid. The 
splenic tissue becomes exceedingly vascular and the lym- 
phatic elements increase rapidly in number, so that the 
organ often attains two or three times its natural size. 
Many of the new elements enter the blood, thus causing 
a slight temporary increase in the number of white blood- 
corpuscles. As the fever subsides, the h53)eraemia di- 
minishes, the hyperplastic process ceases, many of the 
new elements undergo disintegration and absorption, the 
remainder enter the blood, and thus the organ again 
attains its normal characters and dimensions. 

2^he Intestinal Lymphatic Structv/res. — Tt is in the 
solitary and Peyer's glands that the moot characteristic 
changes take place in typhoid fever. These structures 
may be involved throughout the whole of the small and 
large intestine, but in most cases the process is limited to 
those in the ileum and caecum; and those glands are 
always the most affected which are situated the nearest 
to the Ueo-caecal valve. 

The primary change here consists in an increase in the 
vascularity of the glands, and in a general proliferation 
of their lymphatic elements. Many of the elements also 
increase considerably in size, so as to form the multi- 
nucleated cells already alluded to. Both Peyer's patches 
and the solitary glands thus become considerably en- 
larged and prominent, standing up above the surface of 
the intestine. They are of a greyish-white or pale reddish 
colour, and of a soft, brain-like consistence. The sur- 
rounding mucous membrane is also exceedingly vascular, 
and is the seat of an acute catarrhal process. This 
catarrh is more or less general, and usually precedes the 
swelling of the glands. The new growth, in many parts, 
rapidly extends beyond the confines of the glands into 
the immediately surrounding and subjacent tissues^ qil^ 
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even in some cases into the masciilar ooat. It may thas 
be said to become Heteroplastic. 

The process now passes into the second stage — ^that of 
the death and disintegration of the newly-formed tissue. 
This may terminate in various ways. The enlarged 
glands, many of them, subside, the new elements become 
disintegrated and are absorbed, and the gland thus un- 
dergoes a gradual process of reaohUion, In others, the 
individual follicles of the gland rupture, discharging their 
contents externally, and the patches then acquire a pecu- 
liar reticulated appearance. The most characteristic 
termination, however, of the typhoid process, is the 
separation of the dead tissue as a slough, and the forma- 
tion of the typhoid ulcer. 

The process of slonghing and ulceration may, like that 
of proliferation, take place uniformly throughout the 
whole gland, in which case the whole mass is thrown off, 
leaving an ulcerated surface corresponding in size with 
that of the gland. More commonly, however, in the 
patches, the sloughing commences in different portions of 
the patch, and small irregular losses of substance result 
which may gradually extend until they form one large 
ulcer. 

Although, as already stated, the new growth may 
extend beyond the confines of the glands, this is rarely 
the case with the ulceration. The heteroplastic growth 
undergoes resolution, and hence the ulcers have the same 
configuration as the original glands; those originating 
from the patches being oval, with their long diameter in 
the direction of the gut; and those originating in the 
solitary glands being spherical in shape. In rare cases, 
when there is much infiltration of the surrounding m aeons 
membrane, the ulceration may extend slightly beyond 
the confines of the glands. 

With the sloughing and disintegration of the new 
tissue the process of proliferation ceases, and hence there 
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is no induration or thickening of the base or edges of the 
ulcer. The base is smooth, and is usually formed of the 

Fig. 80. 



A typhoid Ulcer of the Intestine {diagrammatic). Show- 
iDg the undermined edges of the nicer, and the slough still 
adherent, a. Epithelial lining. 6. Submucous tissue, 
c. Muscular coat. d. Peritoneum. 

submucous or muscular coat of the intestine. The edges 
are thin and undermined, and consist of a well-defined 
fringe of congested mucous membrane. (Fig. 80.) This 
is best seen when the gut is floated in water. In some 
cases, however, the sloughing extends deeper through the 
muscular layer to the sub-peritoneal tissue, and it may 
thus cause perforation and peritonitis. 

The third stage of the process is that of cicatrization. 
This takes place by the resolution of the peripheral hete- 
roplastic growth, the approximation and union of the 
undermined edges with the floor of the ulcer, and the 
gradual formation from the margin of an epithelial cover- 
ing. The gland-structure is not regenerated. The 
resulting cicatrix is slightly depressed, and less vascular 
than the surrounding mucous membrane. There is no 
puckering or dimiuution in the calibre of the gut. In 
some cases, however, cicatrization does not take place so 
readily, and the floor of the ulcer becomes the seat of a 
secondary ulceration. This usually takes place after the 
general disease has run its course, or during a relapse. 
Profuse haemorrhage and perforation more commonly 
result from the secondary ulceration than from the pri- 
mary sloughing of the glands. 

The Mesenteric Glands. — The change in the mesenteric 
glands is probably secondary to that in the intestine. 
These glands become the seat of an acute hyperplasia. 
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and are enlarged, soft, and vascnlar. They uBnally, like 
many of the glands in the intestine and the spleen, un- 
dergo a gradual process of resolution. In rare cases, 
however, the capsnle of the gland is destroyed, and the 
sofbened matters may escape into the x>eritoneal cavitj 
and so canse peritonitis. The enlarged glands may also 
become caseons, and subsequently calcify. 



CHAPTER XXXV. 

INFLAMMATION OF MUCOUS MEMBRANES. 

In mucous membranes inflammatory processes are di- 
vided into catarrhal, and croupous or fibrinous inflam- 
mations. 

Catarrhal Inflammation. — Catarrhal inflammation, 
or as it is more commonly called catarrh, is mucH the 
more frequent. In its milder forms this is characterised 
mainly by an increased secretion of mucus. The initial 
hypersBmia of the membrane is followed by an abnormal 
production of epithelial and mucous elements. The liquid 
which transudes from the blood-vessels is more abundant, 
the small, spherical, newly-formed cells which constitute 
the mucus-corpuscles are produced with increased rapidity, 
and the result is an increased secretion of mucus rich 
in cellular elements. These young cells are many of 
them emigrant blood-corpuscles, others are produced 
within the epithelial cells by endogenous multiplication. 
As the proliferation continues, many of the epithelial 
elements become loosened and are discharged with the 
mucus, and within these groups of bodies may occasionally 
be seen, which are evidently young mucus-corpuscles. 
(Fig. 81.) The secretion of the raucous glands is also 
increased. Owing to these changes, the mucous mem- 
brane becomes swelled and abnormally vascular. The 
increased vascularity is evidenced by redness during life^ 
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bat after death the blood asiiallj pasBes oat of the vesaeK 
und the membrane may look paler than natural. 




InlaTTlmll'finmTiuiUoniiftie Coajaaclha. a. Epiihelium. 
6 8uh-p(>itliflial connective tiHBue Showing the prohfar*- 
tinn ol tliB enithBlium &nd tlio onpn of tiie yoncg Blemsnto 
isitlim tliu ejiltlielial cello (Kiudfliis h ) 

If the irritation be more severe the Taacular pheno- 
mena are more marked the prodnctiin of jonng element* 
IS mori- rapiil they are smaller and not bo well developed, 
the epithelium loosens and fails off more readily, and tb« 
secretion becomes puriform from the great number of 
cellular elements which it contains. Many of these ele- 
ments are indistinguishable from pus- corpuscles, othert 
are somewhat larger and resemble the corpuscles of normal 
mucns. Between the corpuscles of mncus and pna there 
is no line of demarcation, the one passing by insensihle 
gradntions into the other. The former are somewhat 
larger and more regular in shape than the latter, aad 
usually contain only a single nucleus. As the process 
continues the sub-epithelial tissue is gradually involved, 
and becomes infiltrated with young cells. Owing to the 
loss of epithehum, the surface of the membrane may at 
the same time become more or less irregular, and present 
regular abrasions or ulcers. 



CATAREHAL INFLAMMATION. 801 

These changes in the mucons membrane itself are 
accompanied by a hyperplasia of the lymphatic structures 
which it contains. The lymph-follicles become enlarged 
from the multiplication of their elements. Their contents 
may soften and form a minute pseudo-abscess, and this 
bursting gives rise to a small ulcer. These are the folli- 
cular ulcers so often seen in catarrhal conditions of the 
intestines and pharynx. The ulceration in some cases 
extends beyond the confines of the follicle. The proper 
glandular structures may also become involved. Their 
epithelium multiplies, the glands become choked with the 
epithelial elements, and they may subsequently atrophy. 
This is seen in catarrh of the stomach. 

The acute process may quickly subside, or it may be- 
come chronic. In the latter case the vascularity dimi- 
nishes, but the multiplication of elements continues both 
in the epithelial and sub-epithelial tissue, as does also the 
increased secretion of mucus (suppuration). The latter 
thus becomes thicker and more puriform in character. 

Chronic catarrhal inflammations of mucous mem- 
branes differ from the acute, inasmuch as the sub- 
epithelial connective tissue is much more extensively 
involved. This tissue becomes infiltrated with young 
elements, which may ultimately form a more or less com- 
pletely fibrillated structure. The membrane thus becomes 
indurated and thickened, and the pressure exercised by 
the new tissue may induce atrophic changes in the glan- 
dular structures which it contains; by preventing the 
exit of their secretion it may also cause them to dilate so 
as to form cysts. This atrophy of the proper glandular 
structures is seen in chronic catarrh of the stomach. 
These changes in the sub-epithelial connective tissue are 
usually accompanied by enlargement of the lymphatic 
structures, an enlargement which sometimes gives to the 
membrane a nodular or granular appearance : this is well 
seen ru the pharynx (follicular pharyngitis) . The eular^ed. 
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lympliatic structures may also constitute the starting- 
points of an ulcerative process. (See ** Tuberculosis of 
Mucous Membranes.") In some situations, as the 
stomach and intestine, the membrane often at the same 
time becomes deeply pigmented. 

Ceoupous or Fibrinous Inflammation. — This is a more 
intense form of inflammation than the preceding, and is 
characterised by the exuded inflammatory liquids con- 
taining a larger proportion of coagulable materiaL 
Fibrinous inflammation may be induced artificially by 
severe irritants, and it occurs in croup, diphtheria, and in 
many oases of dysentery. 

CROUP. 

In croup, the inflammatory process at its commence- 
ment is simply a severe catarrhal one, consisting in an 
increase in tlie vascularity of the membrane, together 
with an exudation of liquor sanguinis and blood-corpuscles, 
and proliferation of the epitheHal elements. This is 
quickly followed by the production of a fibrinous layer 
upon the surface of the tissue, usually known as the 
false mernbrane. This membrane varies considerably in 
consistence, being in some cases firm and tough, in others 
much softer. It can readily be removed from the sub- 
jacent tissue, and after its removal, the mucous membrane 
is left partially deprived of its epitheHum. If the inflam- 
matory process subsides, the epithelium is reproduced 
and the part returns to its normal condition ; but if it 
continues, a fresh false membrane is formed. As the 
inflammation extends downwards into the trachea and 
bronchi, a gradual transition may usually be observed 
from croupous to catarrhal inflammation. In the upper 
part of the air passages, where the process is most intense, 
the false membrane exists, but in passing downwards, 
where it becomes less severe, the mucous membrane is 
Bunply coated with Toucua. 
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Brcspecting the nature of the false membrane — opinions 
differ. When examined microscopically, it is seen to con- 
sist of a finely fibrillated and delicate network of homo- 
geneous material, enclosing in its meshes numerous 
leucocytes and epithelial cells. This fibrillated network 
has been commonly supposed to be produced by the co- 
agulation and fibrillation of the inflammatory exudation 
liquids. According to Buhl, Wagner, and others, how- 
ever, its formation is mainly due to a peculiar metamor- 
phosis of the epithelial cells, which become converted 
into a kind of fibrinous material. The smaller cells 
which are enclosed in its meshes are doubtless principally 
escaped blood-corpuscles ; the larger epithelial elements, 
which are much less numerous, are those belonging to the 
mucous membrane. 

DIPHTHERIA. 

It is difficult in many cases to draw any line of demar- 
cation between the histological changes occurring in 
diphtheria and those of croup. In diphtheria, however, 
the submucous tissue usually becomes more extensively 
involved, so that the false membrane is much less readily 
removed. The circulation also often becomes so much 
interfered with, that portions of the tissue lose their 
vitality, and large ash-coloured sloughs are formed, which 
after removal leave a considerable loss of substance. 

DYSENTERY. 

The inflammatory processes occurring in the intestine 
in dysentery are for the most part limited to the large 
intestine, although the ileum is also occasionally involved. 
The inflammation is always most marked in the rectum 
and descending colon, and it may be stated generally, 
that it is characterised by the ulceration and sloughing 
of the membrane to which it gives rise. 
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The intestinal clianges Tary conBiderably according to 
the intensity of the inflammatory process. In the milder 
forms of the disease the changes are most marked on the 
summits of the folds of the macons membrane. Thne 
are found covered with a greyish-white layer of fibrmooB 
material, which, when scraped off, leaves a superficial 
loss of substance. The mucous membrane generally is 
hyi)er8Bmic and softened. The snbmucoiis tissue is sIbo 
infiltrated with inflammatory products, and the solitary 
glands are enlarged and prominent. 

When the process is more severe, the sabmucous tissue 
becomes more extensively involved, and the superficial 
layer of fibrinous material extends over wider areas and 
implicates more deeply the mucous membrane. The 
thickening of the intestinal wall, however, is much greater 
in some parts than in others, so that projections are pro- 
duced upon the inner suriace of the intestine, corre- 
sponding with those parts which are the most afiected. 
The enlarged solitary glands usually slough, and so give 
rise to circular ulcers which rapidly increase. "When the 
process has reached this stage, the muscular and serous 
coats are implicated, the latter being covered with layers 
of fibrin which form adhesions with adjacent parts. The 
intestine is much dilated, and contains blood and disin- 
tegrating inflammatory products. 

In the most intense forms of the disease, the necrosis i«5 
more extensive. According to Rokitansky, large portions 
of the mucous membrane are converted into black rotten 
sloughs. The submucous tissue is infiltrated with dark 
blood and serum, but subsequently it becomes the seat of 
a reactive suppurative inflammation, by means of which 
the necrosed portions of tissue are removed. 

If death does not occur and the inflammatory process 
subsides, the ulcers may gradually heal. When the loss 
of substance has not been considerable, the edges of the 
ulcers may, by the contraction of the submucous tissue, 
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become completely approximated. More commonly, 
however, the loss of substance is so great that portions 
of the membrane are left consisting simply of connective 
tissue. 

When the inflammatory process becomes chronic, the 
changes in the submucoas connective tissue become more 
marked, and the new fibroid growth gives rise to con- 
siderable thickening and induration of the intestinal wall 
and to more or less contraction and narrowing of the 
cavity. Sometimes it forms fibrous bands which project 
into the gut. The formation of abscesses and fistulous 
passages occasionally occurs in the thickened intestinal 
wall. 



X 



CHAPTER XXXVI. 



INFLAMMATION OF SEEOUS BIEMBRANES. 



Ikplammatoet processes in serons membranes vary in 
their intensity, and in the amount and character of the 
effusion. 

The process commences, as in mucous membranes, 
with hyperaemia, exudation of liquor sanguinis and emi- 
gration of blood-corpuscles, together with increased 
activity of the endothelial elements. The endothelial 




Inflamed Epiploon of a Babbit. Showing the 
endogenous proliferation of the endothelium. 
X 260. (Cornil and Eanvier.) 

cells enlarge and become more granular, their nuclei mul- 
tiply, and thus several new elements are formed within a 
single cell (endogenous multiplication) from which they 
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Hnbaequently escape. (Fig. 82.) The nnmbeT of new 
elements which are thue produced, together with some of 
the older ccIIb, and a \axge nnmber of emigrant blood- 
corpuscles, escape with the eiuded liquor sanguinis into 
the serous cavity, where they may continue to exhibit 
their formative activity. 

Owing to these changes the membrane loHes its natural 
emooth and glistening appearance, and becomes opaque, 
rougheued, and exceedingly vascular. Its surface at the 
same time becomes covered with a fibrinous layer, and 
more or less liquid transudes into its cavity. The 
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coagulable material which exndes from the vessels, forms 
a soft, elastic, mcmbranouB, or reticulated investmeut, 
inoloBing in its mesheB nnmerous small cells. This 
either glues the two surfaces of the membrane together, 
or, if they are separated by liquid effusion, forms a 
slightly adherent layer. (Fig. 83.) The eiuded liquid 
varies considerably iu amount and is always turbid, 
thus differing from non-inflammatory effuBions, It con- 
3:2 
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tains flakes and masses of coagnlated fibrin and nurn- 
merable cell-strnctores, the latter being in the earliest 
stages of the process almost entirely emigrants. 

The nature of the subsequent changes will depend np(m 
the intensity of the inflammation, and upon the amount 
of liquid exuded into the serous cavity. If the inflam- 
matory process subsides, and the liquid exuded is not 
sufficient to prevent the two surfaces of the membrane 
from coming into contact, they grow together and form 
an adhesion. This constitutes the so-called adhesive 
inflammation. The union is effected by the formation of 
connective tissue. The small round cells embedded in the 
fibrinous layer become elongated and spindle-shaped, the 
fibrinous material fibrillates, and numerous new vesselB 
are formed. Many of the latter atrophy and disappear 
as the organisation becomes complete. The process is 
thus precisely similar to that which takes place in the union 
of an incised wound. It is probable also that in some 
cases union may take place without the intervention of 
any fibrinous layer, by the formation and growing to- 
gether of irregular papillary outgrowths from the snb- 
endotheHal tissue. 

If, however, the inflammatory process is severe, or the 
surfaces of tlie membrane are separated by a large quan- 
tity of liquid effusion, organisation and adhesion cannot 
be thus readily effected. If a large quantity of liquid 
exists in the serous cavity, the removal of this becomes 
necessary before union can take place. If the inflamma- 
tory process continues, or its severity is great, union is 
prevented by the formation of pus. These two condi- 
tions must be considered separately. 

The existence of a large amount of effusion interferes 
with the adhesion of the serous surfaces, and before this 
can be effected the absorption of the liquid becomes 
necessary. In some cases this occurs very rapidly, and 
it is probably greatly facilitated by the new blood-vessels 
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which are produced in the fibrinous layer. Frequently, 
however, the process is more prolonged, and the sub- 
endothelial connective tissue becomes involved before ab- 
sorption takes place. When this is the case the connec- 
tive tissue of the serous membrane becomes infiltrated 
with young cells, which form a granulation-tissue beneath 
the layer of proliferating endothelium. The endothelium 
itself gradually becomes less abundant, and the fibrinous 
exudation undergoes fatty changes and liquefies. The 
new granulation-tissue becomes exceedingly vascular from 
the formation of numerous blood-vessels, and if the in- 
flammation subsides, it gradually develops into connec- 
tive tissue, and thus a false membrane is formed rich in 
vessels which takes the place of the endothelial layer. 
As the liquid is absorbed, the two surfaces of the mem- 
brane come into contact and grow together, the new 
vessels becoming gradually obliterated. 

If the inflammatory process does not subside, or from 
its commencement is of considerable severity, it is at- 
tended by the formation of large quantities of pus. In 
this case the emigration of blood-corpuscles is so con- 
siderable that the young elements exist in large enough 
numbers to give to the exuded liquids a puriform character. 
The efiusion is then termed jywrulent (empyema). As the 
connective tissue becomes involved and a granulation* 
tissue is formed, this may continue to generate pus like 
an ordinary granulating wound. If the pus be removed, 
the suppuration may gradually cease, the granulation- 
tissue develop into a fibrous structure, and the union 
of the serous surfaces thus be effected. The serous 
membrane becomes greatly thickened, and the new tissue 
undergoes considerable contraction in the process of its 
organisation. 



CHAPTER XXXVII. 

INFLAMMATION OF THE LIVER. 

Intlammatory processes in the liver axe either acnte or 
chronic. Acute inflammations, leading to suppuration, 
are usually infective in their nature, resulting from the 
transmission of infective materials from inflammatory 
lesions in the abdominal organs or in other parts. The 
processes are consequently most frequently disseminated 
and confined to small portions of the hepatic substance. 
The pus-corpuscles — which usually accumulate so as to 
form an abscess — are almost entirely emigrants, although 
recent investigations render it highly probable that they 
may also originate by the endogenous proliferation of the 
Hver-cells. 

These suppurative inflammations are in the majority of 
cases pyaemic, and when pysBmic they are usually mul- 
tiple. Hepatic abscess is also not unfrequently, in tropi- 
cal climates, associated with dysentery. Here the abscess 
is commonly single, and it probably results from the ab- 
sorption of infective substances from the diseased intes- 
tine. As other causes of hepatic abscess must be men- 
tioned inflammation of the bile- ducts, such as sometimes 
results from gall-stones, &c. ; and external violence. 

Ch/i'onic inflammatory processes in the liver, being of 
much less intensity, \e^^ \^ ^ ^^^L^SLal increase in the 
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connective tissne of tite OTga.n, and conseqnentlj to indn- 
ratiott and to the subsequent atrophy of its proper stmo- 
tnre. They constitute irhat is known as mteretUial hepa- 
titis, or more commonly aa eirrhoeie. 

CIRltHOaiS OP TEE LITER. 

Cirrhoais of the liver, or interstitial hepatitie, is charac- 
terieed by a gradual increase in the conneotiTe tissue of 
the organ and by Bubaequeut atrophy of the liver-cells, so 
that when examined with a low magnifying power, the 
acini are seen to be separated bj broad tracts of new in^ 
teratitial growth. (Fig, 84.) 
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CfrrAottt 1^ the lAver. Showing the growth of cod- 
ncctive tiBBne between the hepatic lobules, a. Lobules. 
6. New growth of ialerlobalar coniiective tiBsne. x IS. 

The proceaa usually commences in the connective tissue 
surroimding the smaller branohes of the portal vein, and 
gradually extends to that surrounding the larger ones, nntil 
ultimately the connective tiaaae throughout the whole 
oi^an may become involved. This tisaoe becomes infil- 
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tra.t«d with small roimd cells, from which are prodneed a 

more or less completely fibrillated atmctnre, containing 
in the earlier stages of its development niimeroiiH new 
blood-veeeels which are supplied by branches of the hepa- 
tic art«rj. The change is sometimeB uniform, but more 
commonly it ia much more advanced in some porta tlian 
in others. In many plBiCes thenewtiesue conaistB almoat 
entirely of cella, whilst iu others the fibrillation is much 
more marked ; and if the process laats long enough, the 
vascolsj' and richly cellular growth gradually assomee the 
characters of cicatricial tissue, the Tessels at the same 
time becommg obhterated (See Fig 72 ) 



OrAom nf Ih /! er \ tiin eeotion from the ex 
tenml portnn of onn of tho hepatic lobnloB Showuig 



which It mvolvee the interceUular network a 
atrophy o( the hver-cella k 200 

The effect of the new growth is nltunately to eanse 
atrophy of the hepatic cells, and to obstmct the circula- 
tion through the jwrtal capillaries and tlin passage of bile 
through the bile-ducts. This effect is materially increased 
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by the process of contraction which the new tissue under- 
goes. The hepatic cells in the outer zone of the lobules 
are the first to atrophy ; the new tissue insinuating itself 
between them, so as to gradually involve the intercellular 
network. (Fig. 85.) The cells then become smaller and 
undergo fatty metamorphosis ; and ultimately they are 
completely destroyed. Those in the central parts of the 
lobule are in the earlier stages but little altered, although 
they are often stained with bile. As the growth extends, 
however, these also become annihilated, and the whole 
lobule may be replaced by connective tissue. The cells in 
the outer part of the lobules are sometimes infiltrated with 
fat prior to their destruction, the cirrhosis being asso- 
ciated with fatty infiltration. (See Fig. 7.) 

The obliteration of the portal capillaries by the new 
tissue gives rise to ascites, haematemesis, diarrhoea, en- 
largement of the spleen, and to the other results of portal 
congestion. Obstruction of the bile-ducts, although it 
may cause staining of the hepatic substance, is rarely 
such as to interfere with the passage of the bile into the 
intestine, and hence there is usually but little general 
jaundice. 

Physical characters, — The physical characters of the 
cirrhosed liver vary. In the earlier stages of the disease 
the organ is probably always, more or less increased in 
size ; the enlargement being almost uniform, and the edge 
rounded and thickened. In some cases this enlargement 
is considerable, and there is but little subsequent atrophy 
and contraction, the organ being found large and compara- 
tively smooth after death. More commonly, however, 
atrophy and contraction constitute marked features in the 
disease, and the liver is small, presenting an irregular 
nodular surface. 

Respecting the causes of these differences in the altera- 
tions which the Uver undergoes as a consequence of the 
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interlobular growth— we are at present unable to speak 
certainly. Thej probably, bowever, depend in great mea- 
sure npon differences in the age of the growth, and in ib 
distribntion. In the large livers the growth is nsnaUyiicU^ 
cellular and very generally distribnted ; whilst in ths 
smaller nodular forms of cirrhosis it is commonly man 
fibrous and less cellular in character, and its distributkHL 
is more partiaL It is probable that in the larger liven 
the growth is in an earlier stage of development, and that 
if the patient had lived, the organ would have dimioished 
in size. When the growth is irreg^ularlj distributed it 
necessarily causes more irregularity in the configuration 
of the liver than when the distribution is more unifonn. 

The cirrbosed liver is always increased in consistence. 
It breaks down less readily under the finger, and is often 
exceedingly firm and tough. On section, the new tisene 
is visible to the naked eye surrounding the lobules and 
in many parts completely replacing them. This giyes 
to the cut-surface a mottled granular appearance, the 
lobules themselves contrasting with the new interlobular 
tissue ; and this appearance is sometimes increased by 
f&ttj infiltration of the cells in the peripheral zone. The 
capsule also may be thickened, and the organ is frequently 
stained with bile. 

ACUTE YELLOW ATKOPHY. 

This exceedingly rare disease of the liver is characterised 
by a rapid diminution in its size, and by destruction of 
the hepatic cells. The organ may, in the course of a few 
days, be reduced to less than half its natural bulk, 
being especially diminished in thickness. It is soft and 
flabby in consistence, bloodless, and of a dull yellow or 
yellowish-red colour. The lobules are indistinguishabla 
When examined microscopically, the liver-cells are found 
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to be completely destroyed, being replaced by grannlar 
debris, fat granules, and pigment. Tyrosin and leucin 
have been fonnd in the disintegrated liver-tissne. 

The pathology of this disease is exceedingly obscure. 
By some it has been regarded as an acute inflammatory 
process, by others as a passive degeneration. 



CHAPTER XXXVIII. 

INFLAMMATION OF THE KIDNEY.' 

Inflammatory processes in the kidney present certain 
variations according to their intensity. They comprifle 
suppurative, tubal, and interstitial nephritis. Of these, 
suppurative nephritis, as the name implies, is an intense 
inflammation leading to the formation of ahscess. It 
usually results from the transmission of infective ma- 
terials from some primary lesion, and consequently 
belongs to the class of infective inflammations. Tubal 
nephritis is also an inflammation of considerable intensity} 
but much less so than the suppurative variety. In it the 
structural changes have their principal seat in the tubular 
epithelium. Interstitial nephritis is an inflammatory 
process which runs a more chronic course, and is of less 
intensity than either of the preceding. Consequently in 
it the principal structural changes take place in the con- 
nective tissue around the blood-vessels — in the inter- 
tubular connective tissue. (See " Chronic Inflamma- 
tions.") It must, however, be distinctly borne in mind 
that these two varieties of histological changes — those in 
the tubular epithelium and those in the intertubular 
connective tissue — are very frequently associated. Tubal 
and interstitial nephritis cannot therefore be separated 
from one another by any distinct line of demarcation. 
They might, perhaps, be moxe (ioxT^ctly designated actUe 
and chronic nepliritis. 
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Acute inflammatory processes in the kidney attended 
by the formation of pns, give rise to renal ahsceeses. Such 
processes, as already stated, are usually infective in their 
nature, resulting from the transmission of infective ma- 
terials from some primary inflammatory lesion. They 
occur as a result of pyaamia, and also in connection with 
inflammatory conditions of the urinary passages. In 
the latter they give rise to what is commonly known as 
the " Surgical Kidney." 

'The abscesses met with in the kidney as the result of 
pyaemia resemble pyaemic abscesses in other organs. 
They are usually multiple, and are often surrounded by 
a thin zone of red hyperaemic tissue. Their characters 
will be more fuUy described in the chapter on embolism. 
(See " Eesults of Embolism.") 

Surgical Kicbiey. — This is the name commonly given 
to those inflammatory conditions of the kidney which 
result from inflammation of the urinary passages. These 
renal inflammations frequently occur in association with 
inflammation of the pelvis of the kidney, such as is pro- 
duced by a renal calculus ; or with those inflammatory 
changes in the mucous membrane of the urinary tract 
which result from vesical calculus, urethral stricture, or 
enlargement of the prostate. In addition to the in- 
flammation of the urinary passage there almost invariably 
exists some impediment to the escape of the urine. 

The changes which occur in the kidney vary. When 
the inflammatory condition of the urinary passages has 
lasted for a lengthened period it is exceedingly liable to 
give rise to chronic renal changes, which are charac- 
terised mainly by more or less cellular infiltration of the 
intertubular connective-tissue. This cellular infiltration 
occurs both in the pyramids and cortex. The tubules 
are in some parts found blocked with epithelium.^ ^\scis^ 
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in othera they are wasted or obliterated. The <rani ol 
the email arteries are not thickened. Owing to Ukh 
changes, the Iddneye — although at first thej inftj bt 
enlarged — gradually become diminiehed in beh; tb 
atrophy being probably, in most osaes, partly doe to tlw 
pressure exercised by the retained nrinaty secretim. 
The capenle becomes adherent and thickened, and whm 
removed, the surface of the organ is found packerad lad 
irregular. 
In other caeee the process is much more acutei tlw 

Fio. B6. 




SaTj/lcal Kidiifi/. 

celliilm inliltratjon u. um lu — , „ 

m tubes iritli epitholium and l(<ucixytea. At the nppr 



of thu tubes wiHi epitholium and leucoc 
part, there is the commenciQg formation oJ 



u abscess, x 14 



cellular infiltration of the mtertubnlar tissue is mncli 
more abundant, and the yoang cells (emigrauts) accD- 
mulate in certain Bitnationa in such numbers as to giTt 
rise to abscesses. (F:g. 86.) The blocking of the tubeu 
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with epitheHum is then more marked, and many of 
them are found filled with the emigrant leucocytes. 
The kidneys are usually enlarged, and yellowish-white 
patches of various sizes are seen on their cut-surface. 
Many of these patches have purulent centres. They 
are not commonly surrounded by a marked zone of 
red hyperaamic tissue. Yellowish lines and strise are 
also seen extending from the papillsB to the bases of the 
pyramids. This acute suppurative process may occur 
independently of the more chronic lesions. Much more 
conunonly, however, it supervenes in kidneys which have 
already undergone a chronic change, and its supervention 
appears not unfrequently to be determined by the per- 
formance of some surgical operation in connection with 
the bladder or urethra. 

Bespecting the pathology of these changes in the 
kidney — they undoubtedly result from the inflammatory 
condition of the urinary passages, and impediment to 
the escape of the urine with which they are associated. 
As to the manner in which the primary inflammation 
produces the secondary in the kidneys we are unable to 
speak certainly. The pelvis and calices of the kidney 
are almost invariably found inflamed, and possibly the 
implication of the kidney may be owing to extension by 
contiguity. Dr. Dickinson believes it to be due to the 
absorption of infective substances contained in the urine.* 

TUBAL NEPHBITIS. 

Tubal nephritis, or as it is also called acute desquama- 
tive nephritis, is one of those morbid processes which con- 
stitute Bright' s disease, of which it is the most common 
acute variety. The process, which has its seat mainly in 
the cortex, comprises an increase in the vascularity of 



* Dickinson, on "Disseminated Suppuration of the Kidney." 
Med.-Chir. Trans., vol. Ivi. 
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tho organ, ezndatioii into the niine tabea, and swdliiif 
with probablj pTolifera.tion of the tabular epithelinm. 

The initial vasciilar phenomena vary considerablj in 
different caaeB. When the intensity of the inflajniriatwy 
process is considerable, there is alinndimt exudation into 
the nrine-tnbea, monj of the capiUariee at the same time 
freqaentlj niptare, and thus there is aji escape of blood- 
corpaBcles and of liqnor sanguinis into the tabes of tbt 
cortex hence the blood and blood c&ets' m the niiiu 
which ase BO charact«nstic of the earlj etAges of the 
moat acnte forma of the disease In this sta^ tlie ia- 
flammatorj process maj qnicklj anbaide, and, vith tlie 




TWial AepliTitia The earlier stage of the process. Shoir- 
ioe the swelling of the tubular epithelium. In aome ot the 
tubes the epithelium has fallen out duiiug the ptepai&tjtni 



exception of some swelling anddesqnama,tion of thetmbnlii 
epitbeliam, no further alterations take place in the kidn^- 
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Iq other cases the process is leas intense, tlie vas- 
colar pheuomeaa, aire muct less marked, and the prin- 
cipal chaugee take place in the tabnlar epithelium. 
The epithelial elemeots become ewollea and grannlar. 
(Fig. 87-) The graniiles, which are often so nnmerons &h 
to occlnde the nnclene of the cell, are soluble in acetic 
acid, and thus differ from molecular fat. This is the 
condition known as "clondy swelling." 8mB,lleT cells are 
also often seen within the tubes, and these have been 
enpposed to be the products of epithelial prohferation. 
It ie probable that some of them are tltns produced, 
although the majority must be regarded as having 
escaped from the vessels. Owing to these changes the 
tubes become distended with cellular elements. (Pig. 88. 




TubalNrphtitit — a Single Urine Tvbe. Showing the ftccu- 
mulalion wilhEn tbe tube. In the few epitheiial cells 
which have escaped is seen tbe graaDlar condiUon of the 
pivtDplaam. x 200. 

In addition to the cell-forms, many ol the tubes also 
contain hyaline cylinders, which are commonly regarded 
as consisting of coagulated substances which have es- 
caped from the vessels. By many pathologists, however, 
this hyaliac material is sapposed to be the product of a 
mucoid met&morphosis of the epitheHum. The cell-forms 
contained within the tubes adhere to this hyaline sub- 
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Htance, and .some of them are waslied away and appear in 
the urine as ** epithelial casts." 

The alterations which these chajiges prodnce in the 
physical characters of the kidneys vary according to the 
preponderance of the hypersBmia or of the epithelial 
^rrowth. The organs are always considerably increased 
in size, and more or less abnormally vascular. The 
oapsnle separates readily, exposing a perfectly smooth 
but vascular surface. The consistence is diminished, 
the tissue breaking with a soft friable fracture. On 
section, the increase in the size of the organ is seen to 
l)e principally due to the increased thickness of the cortex. 
'ITiis is either of a reddish-brown, or of an opaque-white 
or pale buff colour ; these differences depending upon the 
relative proportion of blood and of accnmulated epitheli&l 
elements. Although in the earliest stage of the most 
acute forms of the disease the colour is redder than natu- 
ral, it usually soon becomes pale and opaque. This is 
owing to the swelling of the epithelial elements and to 
their accumulation in the cortical tubes. The blood be- 
comes expressed from the intertubular vessels, and hence 
the increased vascularity is most evident in the Mai- 
pighian corpuscles, beneath the capsule, and in the pyra- 
midal portion of the organ. The Malpighian corpuscles 
stand out as prominent red points, and the pyramidal 
cones are of a deep red colour, thus contrasting strongly 
with the pale opaque cortex. 

The termination of the process varies. The increased 
vascularity and epithelial growth may, as already 
stated, subside, and the newly formed elements passing 
away in the urine, the organ gradually return to its 
normal condition. This is a common termination when 
the inflammation is the result of scarlet fever. In other 
cases the disease continues ; and although the vascularity 
diminishes, the vitality of the epithelial elements becomes 
so much impaired that they undergo retrogressive 
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cliaiiges. Tlie cells then continue to come away with the 
urine, adherent to the casts, but instead of presenting the 
swelled granular appearance as in the earlier stage of the 
disease, they contain molecular fat. This fat gradually 
increases in amount as the degeneration proceeds, until 
ultimately the cells are destroyed and it appears as free 
molecules and granules on the tube-casts. 

This fatty degeneration of the epithelium is attended 
by corresponding changes in the appearance of the organ. 
The redness diminishes, and the Malpighian corpuscles 
are less prominent. The enlarged cortex presents a 
uniform yellowish tinge, studded with minute yeUowish- 
white streaks. This is owing to the presence of fat in 
the tubes of the cortex. This fatty stage, if only slightly 
advanced, may undoubtedly pass off. The degenerated 
cells are carried away by the urine, from those which 
remain in the tubes the fat is probably partially absorbed, 
the retrograde process gradually ceases, and the organ 
returns to nearly its normal size and condition. In other 
cases the degeneration continues, and owing to the loss of 
epithelium the kidney becomes somewhat diminished in 
size. This atrophy, however, I believe rarely occurs 
without changes in the intertubular connective tissue. 

When the inflammatory process is of longer duration, or 
when the kidneys are the seats of repeated attacks of in- 
flammation, the intertubular connective tissue usually 
becomes involved. This tissue becomes infiltrated with 
small cells which ultimately tend to form a fibrillated 
structure. The new intertubular growth may gradually 
increase, and so lead to more or less irregular atrophy of 
the organ, such as will be described as occurring in inter- 
stitial nephritis. In other cases death ensues before any 
marked atrophy has taken place, and thus the organ may 
remain smooth and large to the termination of the disease. 
The intertubular growth is sometimes found thickly 
studded with fatty granules. 

Y 2 
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IVTEBSTITIAL NSFKEUTIS. 

Interstitial nepliritis» or as it is soxnetiines called 
granular degeneration of the kidney, oocnrs most be- 
quently in the condition known as chronic Bright's 
disease. The process is usuallj chronic in its coarse, and 
is characterised, like the corresponding one in the hrer, 
by a gradual increase of the connective tissue of the 
organ, and by atrophy of the tnbal stractnres. Some- 
times, as has been seen, this is merely an advanced stage 
of tubal nephritis. More commonly, however, the process 
appears to be chronic from its commencement, and not 
to be preceded by any marked vascnlar phenomena ex bj 
any active changes in the tnbular epithelium. 

The first change in the kidney appears to consist in 
a cellular infiltration of the intertubular connective 
tissue. In the earliest stages of the process this tissue 
becomes infiltrated with young cells. (Fig. 89.) K the 
growth is very rapid, these may be exceedingly nnmerons, 
and the intercellular substance soft and amorphous. More 
commonly, however, the process is much less acute and 
the cells less numerous, and the new tissue is more or 
less developed into a fibrillated structure. This is tie 
condition in which it is usually met with. These changes 
are almost entirely limited to the cortical portion of the 
kidney, and although here they are more or less general, 
the new growth is more abundant in some parts than in 
others, being usually most so around the Malpighian 
bodies and in the neighbourhood of the capsule, with 
which it is closely united. In this stage the tubes and 
their epithelium are unaffected. 

In this early stage, if the process be acute, the kidney 
is somewhat increased in size, the capsule usually sepa- 
rates less readily than in health, and the surface of the 
organ is slightly granular. On section, the cortical sul/- 
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stance ia in some cases paler, in otliera redder than 
natural. The out surface also looks obscorelj granular. 




the tubes during 



The Malpighian bodies stand ont as red points, and the 
bases of the pyramida and surface of the organ are fre- 
quently hypenemic. The consistence of the organ is 
usually slightly denser and tougher than natural. This, 
however, wiU vary with the character of the new tissue, 
as will also the increase in size and the irregularity of the 
anrface. If the new tissue is slowly developed, the size 
will be but little increased, whereas the increase in con- 
sistence and the granular condition will be more marked. 
If, on the other hand, the process be more acute, and the 
cellular infiltration more abundant, there will be a greater 
increase in the size, the granular character will be slight, 
and the consistence may be even Bofter tW'o.'Ofi.Wt;^ 
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The second stage in the proceea is characterised hj the 
atTophj of the tubnlar stracttires. Thia is mainly owing 




result from tho degenomtion * lUO 

to the pressure exercised by the intertnbnlar growth, and 
to the cicatricial contraction which it often undergoes. 
The atrophy consequently is not nniform, but is more 
marked in some parts than in others. The tnbes are now 
fonnd in many parte diminished in size, or completely 
obliterated; whilst in others they are irregularly dihited, 
and filled with degenerated epithehal products. Their 
walls are nsaally thickened. As the atrophy proceeds the 
intertnbolar tissne thns becomes mingled with the gia- 
nnlar and fatty dSbris which results from the retn^rads 
process. (Fig. 90,") I'ke ^6ip\(^ttiB.-a \ioaifcft \«CQme ap- 
proaimated, and the aecieVuig &'^,TOf^M3« 'ftn?ro^^Tft.\K^ 
tracts Of the kidney «46>iUo^«4. V^-'%-'S^-^ -^^'-^^j^ 
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prBBsnre exercised by the new growtli also gives riae to the 
formation of cyats. Theae originate partly in the Mal- 




Inlenlitiat JfephrUit, A vei^ advanced stage of the pro- 
cess. SbowlDg the lai^e amoont of tiaaoe between the 
tubes of the cortex, sad the ezleneiTe atrophy of the tabes. 
The degenerated fipitheHum which was coQtAined in aome 
_r .1.. ._!.__ i._- »-'leDOutiii the preparation of the flection. 
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ArT a m Kidney n aOvanfed Clmm c BngM t Diiea$r 
Lon^ udinal Be on, abowing he great th ckenlng of 
the internal longitudinal and eitoroal circular muscul&r 
coat, also of the outer fibrous coat, b, TransTerse section 
oi another vegeel lees diseased. HeiaiaB66iiCDa&ii3».<s««''{, 
of the cinritlar muscular and ftxtftfiai fArcoi^ coiX, "*- '^^ ■ 
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pighian capsules, and partly in the urine tubes— ^the latter 
becoming irregularly dilated. 

The small arteries of the kidney also undergo im- 
portant alterations. These were first described by Dr. 
Johnson. Dr. Johnson states that the walls of these 
vessels are thickened, owing to hypertrophy of their 
longitudinal and circular muscular fibres. This change is 
well represented in the accompanying drawing. (Fig. 92.) 
Both the internal longitudinal and the external circular 
muscular fibres are considerably increased. The external 
fibrous coat of the vessel is also thickened, and it appears 
to be continuous with the new intertubular tissue. This 
thickening of the external coat has been especially 
insisted upon by Sir W. Gull and Dr. Sutton. I have 
usually found it associated with the muscular hypertrophy, 
although the latter is undoubtedly the most prominent 
structural change. 

In this more advanced stage of the disease the kidney 
is diminished in size. Its surface is more granular, the 
capsule more thickened and adherent, and it cannot be 
removed without tearing the kidney substance. The 
superficial vessels are seen unduly marked in the depres- 
sions between the granulations. The cortex is tough and 
fibrous, of a yellowish-grey or buff colour, mottled with 
yellow streaks and patches ; and usually numerous small 
cysts are distributed throughout it. Calcareous deposits 
are also often seen as white streaks between the tubes of 
the pyramids. 



CHAPTER XXXIX. 

INFLAMMATION OF THE BRAIN AND 
SPINAL CORD. 

iNFLAMJJiATORY processes in the nervous centres are pro- 
bably much less frequent than was formerly supposed. 
Many of those morbid changes in the brain and spinal 
cord which are attended by softening, and which were at 
one time regarded as the result of inflammation, are now 
known to owe their origin to simple interference with the 
vascular supply, such as results from thrombosis, embo- 
lism, or degenerative changes in the walls of the blood- 
vessels. (See " Fatty Degeneration of the Brain.") 

The irritation which determines the oc-currence of acute 
inflammations in the brain or cord is most frequently 
some external violence— a blow, simple concussion, or 
fracture of the osseous framework. In other cases it is 
diseased bone, as in the inflammation of the brain which 
80 often results from disease of the petrous portion of the 
temporal bone. Lastly, in a comparatively few number 
of cases these inflammations are pyaamic. 

The inflammatory process is almost invariably limited 
to small portions of the cerebral or spinal substance. The 
earliest change consists in a more or less intense and 
localised hyperasmia, which is frequently attended by 
rupture and minute extravasations of blood. The nervous 
tissue then becomes infiltrated with young cells and con- 
siderably softened, and it presents a unifoira. x<^^ 'ai 
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mottled colour. This red softened tusne gradually ae- 
qnires a brownish or brownish-yellow oolonr owing to 
changes in the hsemoglobin. The nerve-fibres heoome 
disintegrated, and the nerve-cells and cellB of the nea- 
roglia undergo fiatty degeneration, thus fozming the so- 
called " inflammatory," or " exudation corpnaoleB." (See 
Fig. 10.) 

In many cases the accnmTilation of yonng cells u 
sufficient to give rise to the formation of an abscess, and 
a yellowish or reddish pnriform liquid gradnaJly takes the 
place of the original softened mass. The tissue sur- 
rounding the abscess is also hyperssmic, softened, and 
infiltrated with cells. The cellular infiltration may 
gradually extend, and thus the abscess increase in size 
until it opens either externally or into the ventricles. In 
other cases the abscess becomes limited and encapsnled 
by the formation of connective tissue from the neuroglia, 
and this tissue often forms a delicate network traversing 
the cavity. When the products of these acute inflanmia- 
tions have thus become encapsuled they may gradually 
dry up into caseous or calcareous masses, or the absorp- 
tion may be more complete so as to leave little more than 
a cicatrix. Respecting the source from which the young 
cells are derived — ^they are probably almost entirely emi- 
grants, although they are possibly also partly the 
offspring of the cells of the neuroglia. The nerve-cells 
themselves appear to undergo no active changes in in- 
flammation. 

Suppurative inflammations are much more common in 
the brain than in the spinal cord. In the latter the 
inflammatory process is rarely of sufficient intensity to 
produce abscess ; it causes merely softening of the nervous 
tissue (myelitis). 

Inflammatory Softening of the Bbain and Cord. — 
Conditions of softening of the cerebral or spinal substance 
l^esulting from inflammation, other than those which 
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have been ab6ve described, probably rarely, if ever, occur 
as primary lesions. Most varieties of softening which 
were formerly described as inflammatory — either from 
the red colour of the softened tissue or from the acute- 
ness of the process — result, as already stated, from 
thrombosis or embohsm (see ** Embolism in the Brain"), 
or are simply passive degenerative changes in which more 
or less extravasation of blood has taken place into the 
softened tissue. (See " Fatty Degeneration of the Brain.") 
Inflammation and consequent softening of the nervous 
tissue, however, by no means unfrequently occurs as a 
secondary process. It takes place especially around clots 
of blood or other morbid products within the brain or 
spinal cord, and results from the injurious influence 
which these substances exercise upon the immediately 
adjacent structures. Such a result is not unfrequent in 
cases of cerebral hasmorrhage. The nerve-tissue imme- 
diately surrounding the clot becomes the seat of an in- 
flammatory process, and it is found after death softened, 
hyperaemic, and infiltrated with young cells. Inflammation 
of the superficial portions of the cerebral and spinal sub- 
. stance also occurs as. the result of meningitis. 

SCLEROSIS OF THE BRAIN AND SPINAL CORD. 

The term " sclerosis" is applied to certain changes in 
the nervous centres which are characterised by an increase 
of the connective tissue (neuroglia), and by atrophy and 
disintegration of the proper nervous elements. The 
affected portions are, for the most part, increased in con- 
sistence ; sometimes, however, they are softer than 
natural. They are usually of a greyish colour ; hence 
the change has been called ** grey degeneration." 

E-especting the nature of the change — it is probably in 
many cases the result of a chronic inflammatory process, 
the new growth of connective tiaaxi!^ I'eajiisi^ \si NSc^fe ^- 
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trtmction of the nerve-«leiuents. In other cases, hovever, 
the atrophy of the nerve-tisBiie appears to precede the 
interstitial increase, bo that the process would rather be 
regarded as a passive degeneration. 

Whea the diseased portions of the brain and cord are 
examined microscopically, the cut ends of the nerve 
fibres are seen in transverse sections to be separated bj a 
granolar, finely nacleated, and often partially fibrillated 
tissue, which evidently originates from the neon^lia 
(Fig. 93). The nerve-fibres themselves are atrophied, and 




more or less fatty dSbria is found in the altered tdssne. 
In many cases the nucleated character of the interstitial 
growth ia wanting. The walls of the blood-vessela are also 
stated to be thickened, and their nnclei to be increased. 

Sclerosis is much more common in the spinal cord than 
in the brain. In the latter it occurs most frequently as 
small patches of induration limited to certain portions of 
the brain. These must be distinguished from the cica- 
trices left afi«r the absorption of blood or of inflammatory 
products. Sclerosis of the cord may ia tiie same way be 
localised and more or less disseroiaated ; more commonly, 
however, it implicates only particular nervous tracts. It 
occurs thns especially in ttie ^sA»wrt <»i\tanna of the 
cord in locomotor akaiy. 



CHAPTER XL. 

INFLAMMATION OF THE LUNGS. 

In the lungs, inflammatory processes comprise tlie three 
following varieties : — Crowpous, cata/nrhal, and interstitial 
pneumonia. Of these, the former occurs as an indepen- 
dent afiection, whereas the two latter are usually the 
result of some antecedent bronchial or pulmonary in- 
flammation. 

CROUPOUS PNEUMONIA. 

Croupous, exudative, or lohar pneumonia, is charac- 
terised by intense inflammatory hypersemia and by the 
exudation of a large amount of coagulable material into 
the pulmonary tissue. It is termed " croupous" because, 
like the croupous inflammation of mucous membranes, 
the exuded liquids contain a large quantity of fibrino- 
genous substance. This form of pneumonia almost in- 
variably affects an extensive portion of the lung, hence 
the term " lobar" which is applied, to it. The process is 
commonly described as consisting of three stages — Ist, 
that of engorgement ; 2nd, that of red hepatization ; and 
3rd, that of grey hepatization. 

In the fl/rst stage, that of engorgement, the lung becomes 
exceedingly vascular, the changes in the blood-vessels and 
circulation being such as have been already described as 
characteristic of inflammation. The organ is of a dark 
red colour, its specific gravity and aJo^^Vo^fc -^^^sgci^ '^ax'^i 
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iDcreaaed, its elasticitj is diminiebed, ^jt is lesa inftitant 
than natural, and pits upon pressure. Its cnt-Burface 
yields a reddish, frothy, tenacious liquid. 

In the aeeoTid stage, that of red hepaiizaliott, there is an 
Fio. »t. 




dxmpetu Pneumonia — Bed fftpataatioti, BhoiriD|F the 
flbrinooB coBguluiu in one af the pulmonnr; aJveou, ei 
closing within its moBhes numerous leucocjMs, nhlch m 
«lre*dy commencing to nndergo fatty metsinoiphc ' " 
few leuoocyteB are »,\bo seen on ftie «.\ibq1m -wilU, 
alvwlar epitlielram u Bwo'i^iik k&^ %ni™^u. - "^^ 
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.tidii' of liqtiqr sangninis and migration of blood- 
scles into tlie pulmonary tissue. Some of the vessels 
ilso rupture, and thus small extravasations occur, 
xuded liquids coagulate within the air-vesicles and 
J interstices of the interlobular tissue, the coagulum 
sing numerous white and some red blood-corpuscles. 
94.) The lung is now much heavier than in the 
ding stage. It contains but little or no air, usually 

in water, and cannot be artificially inflated. It 

aot crepitate under the fingers, but is remarkably 

e, breaking down readily with .a soft granular frac- 

The cut surface is of a dark reddish-brown colour, 

it presents a granular appearance, the granules 

the plugs of fibrinous coagulum contained in the 
jsicles. These granules also sometimes give to the 
sh-brown organ a peculiar grey mottling. Through- 
bis stage there appears to be but littie alteration 
r in the alveolar walls or in the alveolar epithelium, 
le former are often seen a few leucocytes, and the 
• may be somewhat swollen and granular. (Fig. 94.) 
e third stage, that of grey hepatization, is charac- 
d by a continuance in the emigration of leucocytes, 
by cell-proliferation. The white blood-corpuscles 
Que to escape from the vessels, and thus their num- 
ithin the alveoli gradually increases. The epithelial 
lining the alveolar walls, which were only swollen 
^anular in the earlier stage of the process, now 
rgo more active changes. Their nuclei enlarge and 
ply, and ultimately numerous new cells are produced, 
pulmonary alveoli thus become completely filled with 
5 cell-forms, so that the fibrinous exudation is no 
ir visible as an independent material, as it is in the 

of red hepatization. (See Fig. 94.) These cells 
ly undergo retrogressive fatty changes, so that, as 
ily seen, the alveoli are filled with granular elements, 
1 in many parts have lost their diati3i<i\.Y^fe oroJOicasse., 
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(Fig. 95.) The weight, deaBiiy,,aiid'firiftbilit7 ot tke lung 
now beoome even greater than in the stage of red bepn- 
tizatioQ, although the granular aspect of the out snrfiwe 




Cmupoia Paeamonia — Orey Sejtatiaitkm. Showing the 
laiga Bccnmnlatioii of ceUnlar elementB within one ot the 
pDlmanary alveoli, which in Bome parts bavB Dnderginie 
such ezCeaBire (atty de^neration that theii distiiictiTe 
outlines are no longer viable, x 200. 

is ranch leee marked. The tissue is now quite soft and 
pnlp7, and a pnriform liqnid exndes from its cnt rarface. 
The most prominent featnre, however, is the altoiatioii 
which takes place in the colonr of the oi^an. Thii 
gradnaUy cha&gee itraa. a dark teddish-brown to a ktct 
or yellowiBh-white. "Raa Sa ewBii-^aa^-j \i ' 
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^ exercised upon tlie blood-vessels by the eznded substances 
W and newly-formed cells, and partiy to tbe fatty degenera- 
* tion which the latter have undergone. 

Such are the characteristic changes which occur in 
croupous pneumonia. In those very numerous cases, 
however, in which the pneumonia is secondary to some 
other disease, or occurs in debilitated subjects, the changes 
in the lung may present some deviations from those 
which have been above described. In these secondary 
pneumonias the exuded substances are often less abun- 
dant and less coagulable, and consequently the weight of 
the lung is much less increased. The organ is also less 
dense and friable than when the process occurs in a healthy 
person. The existence of much congestion and oedema 
of the pulmonary tissue, such as is so common as a 
result of gravitation in conditions of asthenia, also 
modifies the physical conditions produced by the pneu- 
monic process (hypostatic pneumonia). Not only are these 
secondary pneumonias often characterised by the exuded 
liquids being less coagulable than are those resulting 
from primary inflammations, but the emigration of leu- 
cocytes is usually less abundant, and the proliferation of 
the alveolar epithelium constitutes a more prominent 
part of the process, so that a greater proportion of large 
nucleated cell-forms are found within the pulmonary 
alveoli. 

The pneumonic process may terminate in the four fol- 
lowing ways : — 

1st. In Resolution, — The gradual return of the lung to 
its normal condition is much the most frequent termina- 
tion of croupous pneumonia. The coagulated materials 
liquefy, the young cells entangled in them undergo com- 
plete fatty degeneration and disintegration, and thus the 
inflammatory products become so altered that they can be 
removed by absorption. Granular pigment is also mixed 
with the softened matters and appears int\x& ^^i:^<^v^^ 

z 
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ration. Tliis is probably partly derived from the extra- 
vasated blood, and is partly tbat whicb normally exists in 
tbe interlobular connective tissne. Where this process of 
liquefaction and disintegration is taJdng place in the 
lung the granular appearance of its cut surface is com- 
pletely lost. It is of a yeUowish-grey colour, and a 
tenacious puriform liquid can be expressed from its sub- 
stance. As the softened matters become absorbed, the 
circulation is gradually restored, and the organ ultimately 
attains its normal characters. 

2nd. In Abscess. — The formation of an abscess is a very 
rare result of simple pneumonia. It may, however, take 
place if the emigration of blood-corpuscles is very abun- 
dant. The pus is always mixed with broken-down pul- 
monary tissue. It is when pneumonic processes are in- 
duced by septic matters and are thus disseminated, as in 
pyaemia, that the formation of abscess usually occurs. 
The pyaemic abscess in the lungs, like that in other 
organs, is characterised by the zone of hyperaemic tissue 
which surrounds it. (See " Pyaemia.") 

3rd. In Gangrene. — Almost as rare as the preceding 
is the occurrence of gangrene. Two conditions appear to 
be principally concerned in bringing about this result : — 
one is the interference with the supply of blood by the 
extensive formation of coagula in the pulmonary and 
bronchial vessels, together with considerable haemorrhage 
into the pulmonary tissue ; the other is the contact of 
putrid substances with the pneumonic lung, — as the 
putrid secretion in a dilated bronchus. 

4th. In Chronic Pneumonia. — If the inflanmiatory pro- 
cess does not subside and the exuded substances are not 
absorbed, the alveolar walls gradually become involved. 
These become thickened by a new growth of fibro-nu- 
cleated tissue, and thus is produced more or less fibroid 
induration of the orgaui. ^S^e" Interstitial Pneumonia.") 
This terminatioTioi ctout^oxi^ ■igiixe\fliisi!cffl».*"va ^ii^TCLj^^jcwiosj^^ 

rare. 
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Croupoxis pnemnoiua plays a prominent part in many 
cases of pulmonary phthisis. (See ** Pulmonary Phthisis.") 

CATAEEHAL PNEUMONIA. 

Cata/rrhcd, lobular, or ftrowc^o-pnenmonia rarely occurs 
as an independent affection, but is very constantly pre- 
ceded by catarrhal changes in the mncons membrane of 
the smaller bronchi. It is an inflammatory process of 
less intensity than the preceding, and difiers from it in 
there being but little or no exudation of coagulable ma- 
terial, the process being characterised for the most part 
by proliferation of the alveolar epithelium. It thus some- 
what resembles catarrhal inflammation of mucous mem- 
branes — ^hence the term " catarrhal" which is applied to 
it. This form of pneumonia is almost invariably at its 
commencement limited to the lobules or groups of lobules 
in connection with certain bronchial' tubes, and it does 
not like the croupous variety involve simultaneously large 
tracts of pulmonary substance. It is consequently also 
known as lobular or 5rotic/to-pneumonia, 

The conditions, however, to which the terms catarrhal 
or broncho-pneumonia are applied vary. In those forms 
of the disease which occur so frequently in children as a 
sequel of capillary bronchitis, especially when this is a 
complication of measles or hooping-cough, I must state, 
in partial agreement with Professor Buhl, that the 
nodules of pulmonary consolidation frequently consist in 
the main of inhaled bronchial secretion, and to many of 
these cases the term " pneumonia" is not strictly appli- 
cable. 

When the lungs in these cases are examined after death, 
small yellowish or reddish-grey ill-defined patches of con- 
solidation are seen scattered through their substance, 
more especially in their inferior and posterior portions. 
These patches are smooth, very faintly granxvlsax^ ^cc^-.. 

z2 
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and project sliglitly above the cnt-snrface of the organ. 
The long-tisBne around them is vaiioiialj altered bj con- 
gestion, oedema, collapae, and emphjeema; BO that patches 
of dark reddish collapse, and of pale emphjeematons tisene 
are intermingled with the consolidated portionn. In 
some parts the "pneumonic" patches have eridentlj 
coalesced and so formed large tracts of grejish-yellow 
consolidation. 

When the lungs are examined microscopicallj, most oi 
the consolidated portions are seen to present the af^Mar- 
ance well shown in the accompanying figure (Fig, 96). The 




bbowmg the BtofflaK of the stveoli v 
aecrahon x 200 

alveob in small areas of the long are stnffed witli small 
cells and amorphous or famtlj granular mat«nal Some 
of the cells resemble leucocytes Others are somewhat 
larj,er and there are also a few large elements which 
resemble the alveolar epithebum The alveolar waUs are 
unaltered and the &!b«o\a.t epikheUum can often be seen 
ifoniewhat BwoUen bil& gTKa.vi\Bx eifCner «&un«xfi. i« 
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loosened from its attadunent. The cliaracter of the 
material which fills the air-vesicles in most of the patches 
is precisely similar to that contained in the smaller 
bronchi, and it is evidently the richly cellular bronchial 
secretion which has been inhaled. In other portions of 
the Inng, however, large nucleated cell-forms may con- 
stitute a much more prominent feature in the constitu- 
tion of the patches, and it is evident that there has been 
more or less epithelial proliferation. (See Fig. 97.) It 
is this epithelial proliferation which must be regarded as 
the only strictly pneumonic part of the process, and it 
would appear to be determined either by the irritation of 
the retained secretion, or by the direct extension of the 
inflammation from the bronchi to the air-vesicles. Its 
occurrence is probably also greatly favoured by collapse 
of the lung-tissue. 

This disease frequently terminates in death, but the 
patient may recover and the contents of the alveoli be 
removed by expectoration and absorption. If the re- 
moval is incomplete the retained substances produce more 
or less inflammatory thickening of the bronchial and 
alveolar walls, and a caseous nodxde may be produced 
which is encapsuled by fibrous tissue. In other cases the 
inflammatory process continues, the consolidated tissue 
becomes caseous and disintegrates, and phthisis results. 
This, however, in the absence of a marked predisposition 
to phthisis is not very common. (See " Pulmonary 
Phthisis.") 

In addition to the disease above described, in which 
inhaled bronchial secretion constitutes such an important 
element in the production of the pulmonary consolidation, 
we meet with a more strictly catarrhal pneumonic process. 
This often occurs in lungs which have become collapsed. 
Pulmonary collapse, whether it be due to bronchial ob- 
struction or to diminished respiratory power, is followed 
by congestion and oedema of the coUa^^^^ «X:q^Oa.>^»^'^^ 
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local congestion appears to be especially faTonrable to the 
catarrhal process. Such collapse is common in lichety ' 
children wlio are the subjects of bronohitis or hooping- 
congh. The alveolar epithelinm in the blnisb-red, con- 
gested, oedeinatonB and coUapsed portdons of the Inng 
proliferates, giving rise to a dark reddish-gre; frisbl« 
consolidation. This consolidation maj be limited to small 
portions of the coUapsed tissue, or involTe the greater 
part of the Inng. 

An uncomplicated catarrhal process often occnrs in 
pulmonary phthisis. The alveoli are found containing 
nnmeroDS large spheroidal elements, whiob nsoallj possess 
one, sometimes two or three bright nuclei. (Fig. 97.) 




Calarrhal Pneumoaia. From s (aae of acute 
phthisia. Showing the lai^e epithelial cells 
which mi the alveoli, x 2VD. 

These cells are evidently the offspring of the alveolar 
epithelinm. Associated with them may he a few leu- 
cocytes. This process will be more folly described 
when treating of piilmonary phthisis. (See " Fnlmonaiy 
Fbtbim.") 
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Lastly, as already stated, epithelial proliferation often 
plays a prominent part in ordinary lobar pneumonia, 
especially in the asthenic and secondary forms. 

INTEESTITIAL PNEUMONIA. 

Interstitial or chronic pneumonia is a chronic inflam- 
matory process of the lungs which leads to a fibroid 
induration of the pulmonary texture — an induration 
which is due to a thickening of the alveolar walls and of 
the interlobular tissue by a fibro-nucleated growth, and to 
the gradual obliteration by this growth of the alveolar 
cavities. It may be stated generally, that all chronic in- 
flammatory processes in the lungs are attended by more 
or less fibroid induration of the organs, and in this respect, 
therefore, these processes resemble similar ones in other 
parts — e.g,, in the liver, kidney, and mucous membranes. 
In chronic phthisis, for example, as will be seen hereafter, 
a fibroid change plays a very prominent part, and in the 
most chronic cases the pulmonary tissue may be almost 
completely replaced by a dense fibroid growth. Croupous 
pneumonia, as has been abeady stated, may pass into a 
chronic condition, in which case it leads to a fibroid 
thickening of the alveolar walls, and consequently to 
more or less induration of the pulmonary texture. Catar- 
rhal pneumonia, again, which has a greater tendency to 
become chronic than the exudative process, may lead to 
considerable pulmonary induration: — this will also be 
alluded to when treating of pulmonary phthisis. Lastly, 
the thickening of the peri-bronchial tissue which some- 
times occurs in chronic bronchitis, may gradually extend 
and involve the alveolar walls so as ultimately to produce 
extensive obliteration of the pulmonary alveoli.* (Fig. 98.) 



• See case by the Author — Interstitial Pneumonia, "Trans. Path. 
Soc. Lond.," 1872. 
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idon of the organ, by obliteratioii of tlie alveolar cavities, 
more or less pigmentation, and by dilatation of tbe 
bronchi. The appearance presented by the lung in ad- 
vanced stages of the disease is very characteristic. It is 
diminished in size ; the tissne is smooth, dense, firm, — in 
parts almost cartilaginous in consistence ; and it is irre- 
gnlarly mottled with black pigment. The alveolar struc- 
tnre of the Inag is in most parts completely destroyed, 
and on section the dilated bronchi are seen as numerous 
large openings scattered over its surface. The dilated 
bronchi freqnentiy become the seats of secondary inflam- 
matory processes, which may lead to ulceration and ulti- 
mately to extensive excavation of the indurated tissne ; 
but there is a complete absence of any of those caseous 
changes which are so characteristic of ordinary phthisis. 
This secondary inflammation of the dilated bronchi is 
probably induced by the irritating purulent secretion 
which they contain, and which is often only with great 
difllculty completely removed by expectoration. The 
pleura is almost invariably considerably thickened and 
adherent. 

When the lung is examined microscopically, it will be 
found that the alveolar structure has been in most parts 
completely replaced by a fibro-nucleated or by a more 
densely fibroid growth, presenting the characters already 
described as those met with in cicatricial tissue. (See 
Fig. 72.) The new growth may commence either in the 
alveolar walls or in the interlobxdar tissue. The former 
appears to be usually the case when it is secondary to an 
exudative or catarrhal pneumonic process. Where the 
change is not far advanced and the alveoli are still dis- 
tinct, their walls will be seeu to be thickened by a fibro- 
nucleated growth (Fig. 99), and their cavities sometimes 
to be filled with large epithelial cells, or less frequently, 
with leucocytes. The characters of the new growth in 
the alveolar walls and in the interlobular tissue present 
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certain vanafciona In the earlier sti^ee of the ii 

tory process it conaistB principally of smaJl spheroidal 




iRleritlHai Pneumoaa From a cnee of BO-cdlled or 
rbogia" of the lung, in whiob tbe disease was uoil&tereJ. 
The bronchi were mneh dilated, and there was a complete 
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elementa which are grouped within the meshes of deli- 
cately fibrillated reticulum (adenoid tisane) ; hat when 
more advanced the fibrillation is nsnally more marlced, 
and associated with the small spheroidal elements then 
are frequently some elongated fusiform and branched 
cells such as are so often found in emhiyonic tissue which 
is in the process of forming a fihrons structure. 

Although this fibroid growth in chronic pneumonia 
appears most frequently to originate in the alveolar walls 
and interlobular tissne, I have met with three cases in 
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rMch intra-BlTeolar exudation products were midei^ing 
ibroid derelopment,* There was nothing peculiar in the 
oacroBCopical charactera of the Inngti, bat tha alreoli 
rere found filled with a fibrinom meBhwork and lenco- 
jtea somewhat similar to that met with in red hepatiza- 
ion. (See Fig. 94.) They differed, however, in this 
espect — that manj of the cells were long and epindle- 




Chronic Pneumonia. Vti9Cul(U-[BatIoii tiad fibroid devetopmeDt 
of Intra-dJveolar ejudatioD-prodnote. Blood-vesaela are hbbii 
dJatribnted in the exudation -products, which blood-veBBitla 
commDnicBte with those in tlie alveolar walls. The alveolar 
walls are also thiukcLed by aflbro-nucleatedgrowth, >: lOO 
uid reduced J. 

baped, and blood-veasels were dietribnted amongst thetn, 
bich blood-veseels commmiicated with those in the 
Iveolar walls. (Figs. 100 and 101.) The alveolar walla 
ere abo thickened by a fibro-nucleated growth. It wae 
lerefore perfectly obvioos that in these Inngs the pro- 
ucte of a previons acute cronpons pneumonia were be- 
>niing vascnlarised and undergoing development into a 
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fibroid Btmctnre, and that thia intra-alveolar cliauge wai 
the principal canea of the fibroid indnratioii of the organ. 
With regard to the etiologj of interstitial pneumonia- 
it probablj, ae already stated, almost iiivariablj owes its 
origin to aome antecedent more acute pDenmonio proceea 
of either the emdatiTe or catajrhal type, or to bronchitis. 
It la maintiLLDed, however, by many patholt^ste that a 
fibroid ehange may oc«nr in the lungs as a primary and 




Otmrfc PBaaHMria. AportJonof the Intn^ 
alveolur eiudatiou-piodacts (Fig. 100) more 
hi^ly magnifled- Showing tbe elongated 
Bpindle ceUB, the flbrillation, and the Uood- 
vessel containing blood-corpnscleB. x ZOO. 

independent affection, and that consequently interstitial 
pneumonia occnpies the same pathological position as in- 
dnrative proceases in the liver and kidneys. That snch A 
view is correct appears to me to be extremely donbttnL 

An interstitial pnenmonici, also, aometimeB ocoors in 
Innge which have been compressed by pleural efFnsioii. 
It wonld appear that this is more especially liable to 
result if the effusion has remained long nnabsorbed or not 
eracnated. 



CHAPTER XLI. 

PULMONARY PHTHISIS. 

Bt pulmonarj phthisis is nnderstood a disease of the 
lungs which is characterised by progressive consolidation 
of the pnlmonaiy texture, and by the subsequent soften- 
ing and disint^ration of the consolidated tissue. He- 
specting the nature of the morbid processes which lead 
to this consolidation and disintegration of the lungs — 
various opinions have from time to time been held by 
pathologists, and this diversity of opinion exists to some 
extent even at the present day. According to the older 
views, which were based upon the teaching of Laennec, 
phthisis was regarded in all cases as a tuberculous disease. 
Tubercle was looked upon as a specific non-inflammatory 
growth which was characterised by the caseous degene- 
ration which it invariably underwent (see " Acute Tuber- 
culosis"), and this caseous metamorphosis was held to be 
such a distinguishing peculiarity of the growth that all 
caseous masses came to be regarded as tuberculous, and 
phthisis, in which caseation plays such a prominent part, 
was consequently regarded as a tuberculous disease. The 
various consolidations of the pulmonary tissue were de- 
scribed as "infiltrated tubercle," and tubercle in some 
form or other was regarded as so essential a constituent 
of the disease, that " phthisis" and " pulmonary tuber- 
culosis" came to be quite synonymous terms. 
These older views respecting the nature of phthiai«i 
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have undergone yarions modifications dxiring recent jean. 
When the application of the term "tubercle" became 
limited by Yirchow and his followers to the g^rey granu- 
lation it was evident that such views were no longer 
tenable, and at the present time many, in accordance with 
the advocacy of the late Professor Niemeyer, regard tu- 
bercle as only an occasional element in the causation of 
the disease. In considering how far tubercle plays a part 
in the production of phthisis, it must be borne in mind 
that this growth is now known to be an inflammatory 
one. The miliary lesions which are commonly known as 
tubercular, are the anatomical results of chronic inflam- 
matory processes limited to small circumscribed areas; 
and although they consist in the main of a small-celled 
lymphoid tissue, they present certain differences in their 
histological characters according to the structure of the 
organ in which they originate. (See "Acute Tuberculosis.") 
In the lungs it has been seen that they consist not only 
of that lymphoid tissue and branched cells, which is so 
characteristic of tubercular lesions, but also of accumu- 
lations of epithelium within the pulmonary alveoli. (See 
" Tuberculosis of the Lungs.*') 

Histology op Phthisis. — The histological changes in 
the lungs which occur in pulmonary phthisis are precisely 
analogous to those which are met with in acute tuber- 
culosis. They differ mainly in this respect — ^that whilst 
in the latter disease these changes are usually limited to 
minute areas (hence the miliary character of the lesions), 
in the former they commonly involve much wider tracts 
of tissue. 

In studying pulmonary phthisis, it will be advisable in 
the first place to describe the various structural changes 
which are met with in the lungs, together with the more 
important alterations which they produce in the physical 
characters of t\ie oxgaiia*, «ujA ^^3ife^^a^<dutly to examine 
into the nature oi t\i© motb\SL^xoc^^'e.'s^ \3:^Ti.^i^KjL^'^*s». 
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hanges depend, and to draw some general conclusions 
especting the pathology of the disease. 

The stmctural changes met with in the lungs in phthisis 
are mainly of four kinds: — 1st. An accumulation ofepi- 
heUal ceUs vdthvn the puhnona/ry dl/veoU; 2nd. The pre- 
\ence within the dheoli of a fibrinous exudation and leu- 
cocytes ; 3rd. A thickening of the alveolar walls by a 
tmaU-ceUed tissue, together with, in most cases, the growth 
}f a simila/r tissue around the minute bronchioles ; and 
Ith. An i/ncrease in the interlobular connective tissue. 
rhese fonr kinds of morbid change are usually associated 
snth one another, although in very different degrees. The 
preponderance of one or other of them produces those 
variations in the physical characters of the lungs which 
are met with in the different stages, and in the different 
varieties of the disease. Thede various structural changes 
Qinst now be considered separately. 

Ist. An accumulation of epithelial cells within the 
pulmonary alveoli is one of the most frequent changes 
met with in phthisis, and this change is precisely similar 
to that abready described as occurring in true catarrhal 
pneumonia. The alveoli are found filled with large nu- 
cleated elements which are the offspring of the epithelial 
cells normally lining the alveolar walls. (See Fig. 97.) In 
some cases this alveolar accumulation may constitute 
almost the only morbid change, and although the alveolar 
walls may be found slightly thickened here and there by 
a small-celled lymphoid tissue, the great bulk of the pul- 
monary consolidation is due to the stuffing of the alveolar 
cavities with catarrhal products. (Fig. 102.) In some 
parts — those in which the change is the most recent — the 
large cells which fill the alveoli and the alveolar walls 
will be found but little altered, but in the greater portion 
of the consolidated tissue the cells wUl be seen in various 

stages of retrogressive metamorphosis, and the alveolar 
walls destroyed ; whilst in those tracts of tiawjift \x^^\>^Oa. 
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binies presents a somewhat lobnlated outline, indicating 
the implication of different groups of the pulmonary 
lobules. The colour varies from a reddish to a yellowish- 
^ej, and scattered through the consolidated mass are 
often small portions of a more decidedly yellow tint, 
rhese latter correspond with those parts in which the 
retrogressive changes are the most advanced, and they 
are even softer in consistence than the surrounding 
tissue. In many parts the consoUdated tissue will be 
found broken down, so as to form cavities of various 
sizes. These always possess irregular walls, which are quite 
soft and friable like the solid tissue which surrounds them. 

2nd. The presence within tlie alveoli of a fibrinous 
exudation and leucocytes, is less frequent than the pre- 
ceding. The exudation products are similar to those 
v^hich fill the alveoli in ordinary croupous pneumonia. 
(See Fig. 94.) The coagulum, however, is usually not so 
a,bundant, neither is the fibrillation quite so distinct. In 
the most acute forms of phthisis this may constitute 
almost the only cause of the pulmonary consolidation, 
but more commonly it is associated with more or less 
epithelial proliferation. The macroscopical characters of 
the lungs are precisely similar to those of red and grey 
bepatisation (see "Croupous Pneumonia"), from which 
the consolidation differs merely in the fact that it under- 
goes disintegration, and so gives rise to the formation of 
cavities. 

3rd. A thicheni/ng of the alveolar walls hy a small- 
celled tissue, together with, in most cases, the growth of a 
similar tissue around the terminal bronchioles, is very 
constantly associated with the former intra-alveolar 
changes. The characters of this new tissue present 
every variation from an adenoid growth composed almost 
entirely of small lymphoid elements, such as is repre- 
sented in Fig. 66 a, to one in which the reticulum of this 
growth is much denser — ^as seen in Figs. 65 and 66 b — 

A A 
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and many of the cells are more or leaa diatinctlj branched 
or Bpindle- shaped. These variationa correspond with 
differeiiceB in the age of the new growth and in the 
rapidity of ita development. In many parts the alveolar 
cavities may be found completely obliterated and replaced 
by this new tiesue, whilst in others, where the change is 
leas advanced, their walla will he aeen to be more or leaa 
thickened by it, and their cavities to be filled with partially 
Fio IDS 
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or completely degenerated epithehal elements {Fig. 103), 
or with giant and branched cells. (See Figs. 64 and 56.) 
Although the new growth appears in many places to be 
undergoing a process of progressive development, in 
others it is eqaa,U.j eii^c^iA that it jm undergoing retro- 
gressive changes, mi4 "t^it ^ramtiBi &.&ito SBJisi ■■•ftsi&i.^i. 
baa become convertei is wiX^n- a "~ ■""' ~" 



PULMONARY PHTHISIS. 355 

degenerated epithelial elements, the two together pro- 
ducing tracts of softened, yellowish, caseons material. 

The development of this new growth in the alveolar walls 
leads to the partial, or even complete, obliteration of the 
polmonary capillaries, which, as will be seen subsequently, 
constitutes an important element in the causation of the 
retrograde changes. This vascular obstruction is also 
partly due to proliferation of the nuclei in the walls of 
the capillaries (Wilson Fox). 

Respecting the alteration which the growth of this 
small-celled tissue produces in the physical characters of 
the lungs — ^it may be stated generally, that it usually 
leads to more or less induration of the pulmonary texture. 
The extent of this induration, however, will vary with 
that of the fibrillation of the new tissue. If the tissue be 
almost entirely cellular, such as is the case when it is very 
rapidly developed, it will produce but little if any indu- 
ration of the pulmonary consolidation, which, consisting 
mainly of the alveolar catarrhal products, will be soft and 
friable in consistence, much resembling that which has 
been already described. When, on the other hand, as is 
more frequently the case, there is any marked fibrillation 
of the new growth, or its reticulum is dense and abuji- 
dant, there will be a corresponding induration of the 
consolidated tissue. In many cases these changes pro- 
duce uniform tracts of indurated consolidation of a greyish 
colour mottled with black pigment, in which there may be 
scattered here and there yellowish patches corresponding 
to those portions which have undergone retrogressive 
fatty changes. 

4th. The remaining structural change which is met with, 
to a greater or less extent, in most cases of pulmonary 
phthisis, consists in an increase in the interlobular con- 
nective tissue. This tissue, which surrounds the bronchi 
and blood-vessels and contributes to the formation of the 
alveoli, is found not only increased in a,m.o\3Jv.t, \svy^ iJss»'^ 
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altered in character. It is nsnallj riclilj cellular, and in 
the yariouB stages of its growth, it presents all the varia- 
tions met with in connective tissue which is the seat of a 
chronic inflammatory process. (See Fig. 72.) It often 
exhibits, in some parts, a distinctly reticulated stmctaie 
precisely similar to that of the adenoid growth in the 
alveolar walls (see Fig. 103), but it has a much greater 
tendency to form a dense fibroid tissue than has the 
alveolar growth, and it is much less frequently the seat of 
retrograde change. This is owing to its more perfect 
vascxdar supply. In the most chronic cases of phthisiB 
this interlobular growth may constitute the predominant 
structural change, and large tracts of the pulmonary 
texture may be found completely replaced by it. (See 
" Interstitial Pneumonia.") 

An increase in the interlobular connective tissne in 
phthisis — inasmuch as the new tissue has so marked a 
tendency to become dense and fibroid — leads to extensive 
induration of the pulmonary texture ; and farther, owing 
to the contraction which the tissue tends to undergo, its 
growth ultimately produces a corresponding contraction 
of the diseased lung. In all those cases of phthisis in 
which there is either a thickening of the alveolar walls 
or an increase in the interlobular connective tissue, any 
cavities which may exist in the consolidated and indu- 
rated tissue are characterised by the tough and fibroid 
character of their walls, these presenting a marked con- 
trast to the soft friable tissue which surrounds the cavi- 
ties in those cases in which the pulmonary consolidation 
is mainly due to intra-alveolar grovrth. 

These various changes may involve wide tracts of the 
pulmonary tissue, or they may be limited to small cir 
oun scribed areas. The causes of these differences in their 
distribution will be seen when considering the nature and 
etiology of the morbid processes to the existence of which 
JhejT owe their origin. 
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Pathology op Phthisis. — Haying thus briefly described 
the Yarions stmctnral changes met with in the lungs in 
phthisis, it remains to consider the nature of the morbid 
prooesses upon which they depend. In the first place it 
is evident that these changes are analogous to those which 
have been seen to occur in the several forms of pulmonary 
inflammation. The fibrinous exudation and leucocytes, 
and the accumulation of epithelial cells within the 
alveoli in croupous and catarrhal pneumonia, with, in the 
more chronic cases, the ultimate thickening of the alveolar 
walls ; and the increase in the interlobxdar connective 
tissue which characterises the interstitial process, closely 
resemble the phthisical lesions. These considerations, 
together with those derived from the study of the etiology 
of the disease, are sufficient to justify the conclusion that 
the morbid processes which lead to the consolidation 
and subsequent disintegration of the lung come within 
the category of infla/mmcUion, and that the differences in 
the anatomical changes to which they give rise are due 
to differences in the intensity, in the duration, and in the 
mode of origin of the inflammatory process. 

In considering the causes of these diflerences in the 
histological changes in the lungs, it is important to bear 
in mind what has been already stated respecting the 
variations in the character of the textural alterations in 
inflammation which are produced by differences in the 
intensity and duration of the inflammatory process. (See 
" Varieties of Inflammation.") When studying the pro- 
cess of inflammation, it was seen that the most intense 
forms of the process were characterised by abundant 
fibrinous exudation and emigration ; whereas in inflam- 
mations of less intensity, the textural changes played a 
more prominent part. These textural changes also varied 
according to the intensity of the inflammation. In the 
least severe and most chronic forms, these changes tended 
to be limited to the elements immediately adjacent to the 
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blood«ye88els and Ijmpliatics, wliereas in inflammatdoiiB 
of ■omewhat greater mtenBitj more distinct elements be* 
came involved. Farther, whereas in the former case these 
changes nsnally resulted in the formation of a small-celled 
tissue which tended to become fibroid, in the latter, the 
more distant elements — ^being in most cases incapable of 
farther development — tended to undergo retrogressive 
changes. In the lungs, the truth of these propositions 
was borne out by the differences which were seen to exist 
in the histological characters of the lesions in the varioos 
forms of pulmonary inflammation and also in aeate 
tuberculosis. In the tuberculous process it appeared to 
be probable that the more severe the irritation of the 
infective particles the more liable were they to cause a 
proliferation of the large epitheUal cells contained within 
the alveoli, whereas when the irritation was less severe, 
its influence tended to be limited to the elements in the 
alveolar walls and interlobular tissue. (See "Tuber- 
culosis of the Lungs.") 

If the pathology of these inflammatory processes in 
the lungs be kept in view, the explanation of the diffe- 
rences in the histological characters of the lesions in pul- 
monary phthisis becomes tolerably evident. In those 
cases in which the inflammatory processes are of slight 
intensity and of long duration, the most marked strnc- 
tural change will consist in the development of a small- 
celled growth in the alveolar walls and in the interlobnlar 
tissue — a growth which tends, more or less, to become de- 
veloped into a fibroid structure ; whereas in those cases 
in which the inflammation is of greater inteusity fibrinous 
exudation and emigration, and proliferation of the alveo- 
lar epithelium, will constitute more prominent parts of 
the process. 

The intensity of the inflammatory process not only de- 
termines to a great extent the histological characters of 
the pulmonary consolidation, but also the subsequent 
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cbanges wliicli take place in it. These changes are of 
three kinds — resolution, development into a fibroid tissue, 
and retrograde metamorphosis. Much of that consolida- 
tion of the lung which is the most rapidly induced, and 
whicli is consequently intra-alveolar, may become ab- 
sorbed. The resolution may be complete, or after the 
absorption of the intra-alveolar products there may re- 
main more or less small-celled growth in the alveolar 
walls. 

Fibroid development takes place principally in the new 
interlobular growth, to a less extent in the growth in the 
alveolar walls, and probably sometimes from intra-alveo- 
lar exudation. (See Fig. 100.) 

In those cases in which the intensity of the inflamma- 
tory process is considerable, not only do the epithelium 
and exudation-products which have accumulated within 
the alveoli quickly degenerate and breiEik down, but any 
small-celled tissue which may have been developed in the 
alveolar walls or around the terminal bronchioles also 
softens and dies, and thus the vitality of large tracts of 
the pulmonary consolidation may become destroyed. 

This death and disintegration of the pulmonary conso- 
lidation which constitutes so essential a feature of the 
disease, is in great measure due to conditions interfering 
with the pulmonary circulation. This interference not 
only causes the destruction, but also prevents that ab- 
sorption of the inflammatory products which usually 
occurs in non-phthisical pulmonary consolidation. 

The circulation is interfered with by the adenoid growth 
in the alveolar walls, by the pressure exercised upon the 
pulmonary capillaries by the inflammatory products which 
have accumulated within the alveoli, and probably also, 
in the most acute forms of phthisis, by that stagnation of 
the blood-stream which results from every acute inflam- 
matory process. In addition to this interference with the 
pulmonary circulation, an important element in the 
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cansation of the retrograde changes of phthisis is pro- 
bably that inherent weakness of the lungs (usually in- 
herited), which not only renders them especially suscep- 
tible to injury, but also, when injured, renders them 
abnormally incapable of recovering themselves from the 
inflammatory process which has been induced. 

In those cases of phthisis, on the other hand, in which 
the inflammatory process is less severe, the small-celled 
tissue produced in the alveolar walls and around the 
terminal bronchioles has a greater tendency to become 
developed into a more or less fibrillated structure, and the 
more chronic the course of the disease the greater is this 
tendency. The new growth in the interlobular tissue, 
inasmuch as its vascular supply is but little interfered 
with, almost invariably becomes indurated and fibroid. 
It is these two kinds of change in the newly formed ele- 
ments, the one tending towards death and the other 
towards progressive development, which produce the 
caseation and softening on the one hand, and the indura- 
tion on the other, which associated in such various 
degrees, make up the diverse physical characters of the 
phthisical lung. 

In studying the etiology of the inflammatory processes 
which give rise to pulmonary phthisis, it becomes evident 
that two different agencies are principally concerned. 
These are predisposition and iiTitation, 

By predisposition I mean that inherent weakness of 
the lungs which exists in such a large proportion of the 
cases of phthisis, and which not only renders them ab- 
normally susceptible to the various kinds of injurious 
irritation, but also makes them less capable than strong 
lungs of recovering themselves from the effects of the 
inflammatory process which the irritation has produced. 

By irritation is to be understood that injury to the 
iiings by means oi w\iic\i. >i)cLft m^ia^mmatory processes in 
them are induced. lii^aisimaXarj Y^<2>^'e»fc'?^ Taa?i\«k\s^. 
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duced in the lungs by that general chilling of the surface 
•of the body which constitutes what is termed " taking 
cold." Which organ suffers as the result of the chill 
often appears to depend in great measure upon predispo- 
sition (inherited or acquired). If the lungs are the weak 
organs, as they so often are in phthisis, they are the most 
liable to become inflamed. In other cases the pneumonic 
process appears to be due to altered conditions of the 
blood, such as are associated with Bright's disease, &c. 

A more important agent in the production of phthisis 
than the preceding is the irritation of the lungs through 
the medium of the bronchi. The bronchial mucous mem- 
brane, communicating as it does with the external air, is 
especially liable to injury, and the extreme frequency 
with which the development of phthisis is preceded by 
successive attacks of bronchial catarrh is a well-esta- 
blished clinical fact, the important bearing of which upon 
the successful treatment of the disease it would be diffi- 
cult to over-estimate. That catarrhal processes in the 
smaller bronchi are often followed or accompanied by 
inflammatory changes in the pulmonary alveoli was seen 
when studying the pathology of catarrhal pneumonia. In 
explaining these changes, however, it must be borne in 
mind that although the thickening of the alveolar walls is 
in part the result of the primary irritation, the presence 
of the degenerated catarrhal products within the alveolar 
cavities must also produce an injurious effect, and so may 
be an additional cause of the alveolar growth. These 
catarrhal processes in the bronchi which are such frequent 
precursors of the pulmonary consolidation, also give rise 
to a gradual thickening of the bronchial mucous mem- 
brane, to an increase in the peri-bronchial connective 
tissue, and often to more or less ulceration and irregular 
contraction and dilatation of the tubes. In other cases 
the injury appears to exercise its influence directly upon 
the inner surface of the air-vesicles without producing 
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bronchial catarrh. The inflammatory processes which are 
set np by means of injuries inflicted through the medimn 
of the bronchi are characterised by the disseminated 
character of their distribution. Groups of air-vesicles 
communicating with the terminal bronchioles become im- 
plicated, and thus are produced lobular lesions. 

The last method by which injuries may be inflicted 
upon the lungs is by means of infection. This infection 
is precisely similar to that which has been already de- 
scribed as causing general tuberculosis. By it is under- 
stood the property possessed by certain inflammatory 
products — especially by those which have become caseous 
— of inducing secondary inflammatory processes in other 
parts. Limited tuberculosis difiers from the general 
disease oulv in the extent to which the infective materials 
are distributed. Whereas in the general afiection the 
dissemination of the infective substances takes place 
principally by means of the blood-vessels, in the more 
limited processes the dissemination is effected by means 
of the lymphatic vessels or serous canals. In the lungs, 
limited infective processes are exceedingly common in 
phthisis, and they give rise to many of the miliary 
nodules of induration which are so frequently met with 
in phthisical lungs. The source of infection in these cases 
is usually some caseous induration already existing in the 
lung, so that the infective process usually supervenes 
upon pre-existing phthisis. 

There remains still one other factor which has a most 
important influence upon the causation of phthisis — the 
general health of the i/ndividual. That the development 
and progress of phthisis is greatly influenced by the state 
of the general health is well known. That this should be 
so will be readily understood if the inflammatory nature 
of the disease be kept in view, inasmuch as, in all cases, 
the susceptibility of a living tissue to injury is, cceteris 
j}aribu8, greater, and. \\ie -^o^et ol x^^w^-raxsj.'^'a.^^ ^x^%saL 
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the effect of tHe inflammation less, the lower the standard 
of the general health. 

In conclusion, allnsion must be made to the different 
varieties of pnhnonary phthisis. Although the variations 
observed in the physical characters of phthisical lungs 
and also in the clinical history of the disease, have led to 
its subdivision into different kinds, it appears to me that 
there are no pathological grounds for any such subdivi- 
sion. The variations observed in the clinical history of 
phthisis and in the physical characters of phthisical lungs 
are, I think, mainly to be ascribed to variations in the 
duration and intensity of the inflammatory processes 
which give rise to the pulmonary consolidation, and also 
to the parts which primary pulmonary inflammation, 
bronchial inflammation, and infection play respectively in 
the causation of the disease. 



CHAPTER XLII. 

CHANGES IN THE BLOOD AND CIRCULATION. 

HYPERiEMIA. 

Htfebjbkia or congestion is excess of blood in tlie more 
or less dilated vessels of a part. Whatever increases the 
pressure of the blood, or diminishes the resistance of the 
vessels, may be a canse of hypersemia. Hyperaemia is 
active or arterial, and mechanical or venotus. These two 
varieties must be considered separately. 

ACTIVE HTPEB^MIA. 

Active hyperaemia is an excess of blood in the arteries 
of a part, with, in most cases, an acceleration of the flow. 

Causes. — The causes of active hyperaemia may be 
divided into those which increase blood-pressxire, and 
those which diminish arterial resistance. 

1. Increased Blood-pressure, — ^This occurs most com- 
monly from interruption of the main current of blood in 
any particular part, owing to which increased pressure is 
thrown upon the collateral vessels. These vessels thus 
become dilated, the amount of blood in them is increased, 
and the flow is accelerated. This, which is known as 
collateral hyperoemia, is seen after the obstruction of the 
main current from any cause, as from the ligature of the 
vessel, or from its occluaiou by a thrombus or embolus. 
(See " Emboliam.") 
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General obstmctioii in the capillaries of a part will in 
le same way canse a compensatory hyperssmia. This is 
cemplified by the application of external cold cansing 
»ntraction of the superficial capillaries and congestion 
: internal organs ; and by obstruction of the capillaries 
L one part of an organ causing hyperaemia of the parts 
lja.cent. 

2. Diminished Arteri-al Resistance. — ^This is much the 
ost frequent cause of active hyperaemia. It may arise 
om — 

a. Relaxation or paralysis of the waU of the vessel, — The 
dajcation of the muscular coat of an artery and the con- 
»qiient dilatation of the vessel, may be owing to, 1st, the 
irect paralysis of the vaso-motor nerve supplying it ; 2nd, 
» its indirect paralysis from irritation of a sensory nerve; 
ad 3rd, to changes in the walls of the vessel resulting 
•om injury independently of the nervous centres. The 
ffects of direct paralysis of the vaso-motor nerves are 
3en in the active congestion of the head and neck which 
allows pressure upon the sympathetic in the neck, as by 
n. aneurism ; and in the unilateral congestion which 
ssxilts from experimental sections or disease of one-half 
f the spinal cord. Some emotional conditions also are 
ttended by paralysis of the vascular nerves and conse- 
uently by active hyperaemia: this is seen in blushing. 
/ertain substances again taken internally produce vaso- 
lotor paralysis, as the nitrite of amyl, alcohol, tobacco, &c. 

[Relaxation and dilatation of the arteries resulting from 
rritation of a sensory nerve in those parts in which the 
lerve originates, and from the direct injury of the walls 
f the vessel independently of the nervous system, has 
Jready been described when speaking of vascular dilata- 
ion as the earliest change in the process of inflammation. 
ji inflammation, the irritation is so severe as to cause 
lot only dilatation of the vessel and accelerated blood- 
iow, but also a subsequent retardation of the CAic\ji3al\ss^ 
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if' 
and exndatioii of liqnor sangninis and blood-corpuscles. 

(See " Inflammation.") If the irritation be less intense 
or less prolonged in its action it produces simply dilata- 
tion of the vessels and increased rapidity of flow — i.e., 
active hypersBmiat This is seen in the congestion of the 
skin which resnlts from friction, heat, and many irritating 
snbstances ; in the priapism that sometimes resnlts from 
the passage of a catheter ; and in many similar conditions. 

/3. Sudden removal of exteitial pressv/re. — The sudden 
removal of external pressure from vessels is followed by 
their dilatation, and consequently by hyperaemia. As 
examples of hyperaBmia from this cause may be mentioned 
that which results from dry cupping, and from the 
sudden removal of ascitic fluid, and of the fluid from a 
hydrocele. 

y. Atony of the walls of the vessels from mat-nutrition. — 
This is a much less important cause of hyperaemia. Fatty 
degeneration of the muscular and internal coats of the 
smaller arteries may, however, in some cases lead to their 
dilatation, and thus be a cause of active hyperaemia. 

Results. — The results of active hyperaBmia are princi- 
pally such as might be expected to follow from an increase 
in the amount of the arterial blood, and in the rapidity of 
its flow, in any particular organ or tissue. There is 
increased redness and pulsation, a sensation of throbbing 
being often experienced by the patient. There is also an 
increase in bulk. The temperature at the same time 
undergoes a marked elevation. Serous effusions, hasmor- 
rhage, and thrombosis — so common as results of me- 
chanical hyperaBmia — are rarely met with. If the hyper- 
aBmia be of long duration, the small arteries become 
permanently enlarged, and their walls thickened. Function 
may, or may not, be interfered with. It is in the nervous 
centres that functional changes are most frequently met 
with. They incVudfi gt^a^ eicvWcnJafej, ^^jr^athesiae of 
eight and hearing, (iouN-aV^kioii^i &Ai. 
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MECHANICAL HYPEREMIA. 

In mechanical hyperaemia. the exceae of blood is prinoi- 
illy in the veins, and tlie flow, instead of being accele- 
bted, is retarded. 

Causes. — The canses of mechanical hyperaemia are 
ich as interfere with the return of the blood by the 
5U1S, either by directly impeding its exit from any vein 
• system of veins, or by diminishing the normal cir- 
ilating forces. They are — 

1. A direct Impediment to the Return of Blood hy the 
evas, — This is the most fertile cause of mechanical 
fperaBmia. Any obstruction to the return of blood by 
le veins is followed by distension and impeded flow 
3hind the obstruction. The congestion of some of the 
3dominal viscera which results from the obstruction to 
le portal circulation in cirrhosis of the liver ; that of the 
ing in mitral constriction and regurgitation ; that of the 
rstemic circulation in insufficiency of the tricuspid valve ; 
ad that of the lower extremities from the pressure of the 
ravid uterus on the iliac veins, are a few of the numerous 
kmiliar examples of mechanical hyperaamia from this 
luse. 

2. Gravitation. — ^This becomes an important auxiliary 
I the production of hyperaemia in disease, especially 
hen it is associated with diminished cardiac power, 
he effect of gravitation in determining congestion of the 
lost dependent parts is exemplified in chronic exhaustive 
ad in many of the acute febrile diseases, in which the 
utrition generally becomes impaired, the heart's power 
eakened, and in which the patient is unable frequently 
> change his position. The integuments of the back, and 
be posterior portions of the lungs, are the parts which 
re thus most frequently affected. 

3. Increased Local Besistance, — ^Tlaia Tesv\\i'& ^xoro^ ^cs^- 
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causation of tHe retrograde changes of plitliisis is pro- 
bably that inherent weakness of the lungs (nsnaUy in- 
herited), which not only renders them especially suscep- 
tible to injury, but also, when injured, renders them 
abnormally incapable of recovering themselves from the 
inflammatory process which has been induced. 

In those cases of phthisis, on the other hand, in which 
the inflammatory process is less severe, the small-celled 
tissue produced in the alveolar walls and around the 
terminal bronchioles has a greater tendency to become 
developed into a more or less fibrillated structure, and the 
more chronic the course of the disease the greater is this 
tendency. The new growth in the interlobular tissne, 
inasmuch as its vascular supply is but little interfered 
with, almost invariably becomes indurated and fibroid. 
It is these two kinds of change in the newly formed ele- 
ments, the one tending towards death and the other 
towards progressive development, which produce the 
caseation and softening on the one hand, and the indara- 
tion on the other, which associated in such various 
degrees, make up the diverse physical characters of the 
phthisical lung. 

In studying the etiology of the inflammatory processes 
which give rise to pulmonary phthisis, it becomes evident 
that two different agencies are principally concerned. 
These are predisposition and imtation. 

By predisposition I mean that inherent weakness of 
the lungs which exists in such a large proportion of the 
cases of phthisis, and which not only renders them ab- 
normally susceptible to the various kinds of injurious 
irritation, but also makes them less capable than strong 
lungs of recovering themselves from the effects of the 
inflammatory process which the irritation has produced. 

By irritation is to be understood that injury to the 
lungs by means of which the inflammatory processes in 
them are induced. InS^aarcmaioTj Y^wfe-e^fc"^ ^asc^X^SkW 
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duced in tlie lungs by that general chilling of the surface 
of the body which constitutes what is termed " taking 
cold." Which organ suffers as the result of the chill 
often appears to depend in great measure upon predispo- 
sition (inherited or acquired). If the lungs are the weak 
organs, as they so often are in phthisis, they are the most 
liable to become inflamed. In other cases the pneumonic 
process appears to be due to altered conditions of the 
blood, such as are associated with Bright's disease, <&c. 

A more important agent in the production of phthisis 
than the preceding is the irritation of the lungs through 
the medium of the bronchi. The bronchial mucous mem- 
brane, communicating as it does with the external air, is 
especially liable to injury, and the extreme frequency 
with which the development of phthisis is preceded by 
successive attacks of bronchial catarrh is a well-esta- 
blished clinical fact, the important bearing of which upon 
the successful treatment of the disease it would be diffi- 
cult to over-estimate. That catarrhal processes in the 
smaller bronchi are often followed or accompanied by 
inflammatory changes in the pulmonary alveoli was seen 
when studying the pathology of catarrhal pneumonia. In 
explaining these changes, however, it must be borne in 
mind that although the thickening of the alveolar walls is 
in part the result of the primary irritation, the presence 
of the degenerated catarrhal products within the alveolar 
cavities must also produce an injurious effect, and so may 
be an additional cause of the alveolar growth. These 
catarrhal processes in the bronchi which are such frequent 
precursors of the pxdmonary consolidation, also give rise 
to a gradual thickening of the bronchial mucous mem- 
brane, to an increase in the peri-bronchial connective 
tissue, and often to more or less ulceration and irregular 
contraction and dilatation of the tubes. In other cases 
the injury appears to exercise its influence directly upon 
the inner surface of the aii-veaicAft^ 'w^cro^ ^^Qftsi5sa^% 
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eased conditions of tlie arterial waUs, owing to which they 
either lose their elasticity and contractility and thus 
their power of equalising and regulating the blood-flow, 
or become considerably enlarged. In either case the cir- 
culation will be impeded, and accumulation of blood and 
retardation of flow take place in the veins beyond. Such 
conditions may arise &om simple atony of the arterial 
walls, or from atheromatous, fatty, or calcareous changes. 
They are most common in advanced life. The part they 
play in the production of senile gangrene has been abeady 
alluded to. (See " Senile Gungrene.") 

4. Diminished Ca/rdiac Power, — This is one of the most 
important causes of mechanical hyperaemia, especially 
when it is associated with any of the preceding ones. The 
motor power of the heart becomes impaired in many of 
the chronic exhausting diseases, also in the acute febrile 
diseases, as in typhus and typhoid fever, and in all those 
conditions of degeneration and softening of its structure 
which lead to the dilatation of its cavities. In whichever 
of these ways the vis a tergo is diminished it will tend to 
produce venous hyperaemia. 

Results. — Long continued mechanical hyperaBnda leads 
to impairment of vitality and function. The tissues 
gradually atrophy and undergo retrogressive changes, 
although from the amount of serosity and blood which 
they contain their size and absolute weight may be in- 
creased. Their temperature becomes lowered. The most 
important results, however, of this variety of hyperssmia 
are fibroid induration, transudation of sertmi, hcemor' 
rhage, thrombosis, and gangrene, 

1. Fibroid Induration, — This, which is due to a gradual 
increase in the connective tissue around the blood-vessels, 
is one of the most important results of long continued 
mechanical hyperaemia. The interstitial growth leads to 
atrophy of the ot^iet 8traci\.\«fe^,^\v^'^W'e,tiCi impairment of 
the functions of t\ie oigasi. \^ >i)afc ^Wccka^^Sj^ ^^'^^ssvrk*. 
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atrophy of the glandular stractnres ; in the kidney, com- 
pression of the nrine-tubes ; in the liver, obstraction to the 
portal circulation; in the heart, diminution in motor power. 
The alterations which this change produces in the physical 
characters of the organs — viz., a hardness and induration 
associated with abnormal redness or pigmentation due to 
the excess of blood, are exceedingly characteristic. 

2. TranstidcUion of Seintm. — This gives rise to oedema 
and dropsical effusions. Its occurrence is greatly 
favoured by the stretching of the walls of the vessels, 
and by the damage which their structure sustains. The 
transuded serum usually differs from blood-serum in 
being of lower specific gravity, and in containing more 
water and less of the solid constituents. The greater 
the pressure, the more nearly does the transuded liquid 
resemble the liquor sanguinis, and the greater is the 
amount of albumen which it contains. K the pressure 
be very great it may yield a fibrinous coagulum. 

3. HoBmorrhage. — This is another result of mechanical 
hyperaemia. It usually occurs only when the obstruction 
to the venous current is very great. Those vessels which 
are the least supported are the first to give way. The 
haemorrhage into the stomach in cirrhosis of the liver, 
and into the lung in mitral disease, are familiar examples 
of haemorrhage from this cause. 

Not only does blood escape from the vessels by rupture 
of their walls in mechanical hyperaemia, but the red 
blood-corpuscles pass through the walls of the capillaries 
into the surrounding tissues without rapture taking 
place. This passage of the red corpuscles through the 
capillary walls, which was discovered by Cohnheim, may 
be observed in the web of the frog's foot after ligature of 
the femoral vein. The corpuscles in passing through the 
vessel become constricted in their centre, so as to assume 
an hour-glass shape. This emigration only occurs when 
the obstruction is considerable. 

B B 
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4. Thrombotit. — Thia, aa a reenlt of mechanical ob- 
stmction, will be deHcribed in the followimg chapter. 

&. OaaigTene.— This oalj occurs from mechanical hj- 
pertemia when the ohstmction ig very general and com- 
plete. It has been abeadj described imder the bead of 
" Oangrene." 

Mbciunical Hifbilxmia or the Livsk — Ndtmbg 
Liver. — Long-oontimied mechanical hjperaamia of the 

Fio. 104. 




liver-cellB and tbs pigmentation in the central 
portioQB of the aciana, t<^:ether with the new 
growth of coiiDQCtire tJBBue at the periphery: 
V. Hepatic vein. F. Portal canal, x 50. fWhen 
this Bpecimea is more highly magnified, the cen- 
tral hepatic vein and its tributarieB are seen to be 
filled with red blood-carpuBclsB, and their wallB 
thickened. The intercellular network which im- 
mediately BOrrounds it ia also thickened, and the 
periphBtal connecfeie tiwie (jrowlb contains nn- 
merooB nncl^.') 
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r gires rise to Uie romKtioii kaovii mm Xmtmug JLwer. 
B is the condition wlddi so freqaeatij molts froan 
iaae of tlie beaii. Tbe change is dmacteiiBed by s 
re aocnnialalioa of lilood in the hepatic Tcins, bj dihi- 
on and tJuckening of these Teins, bj atrophj of the 
Atic cells in the cential portims ci the mdm, and bj 
increase in the interlobohu' connectire tissoe. The 
sediment to the Tetnm ci blood bj the hepatic Tein 
Is to atrophj ci the cells in the central portioiis ci the 
li and also to the formataon ci granolar pigment, so 
t wben examined microsoojncalty, these portions ci 

acini are seen to consist of broken-down cells and 
nnles of pgment. (Fig. 104.) Tlie veins here are 
ad mnch dilated and filled with red blood-corpuscles, 
sir walls are thickened, and there often appears to 
also more or less tfiickening of the intercellalar net- 
-k which immediately snrronnds the central vein, 
ing to this thickening of the central veins and ol the 
sbcent intercellalar network, and to the destmction of 
liver-cells, the most central portions of the adni, in 
anced stages of the disease, may present a very 
ons appearance. At the perq>heral parts of the adni 

new interlobular growth is seen insinuating itself 
ween the almost unaltered liver cells. This new inter- 
olar growth is usually distinctly nucleated, but for the 
3t part, less so than that met with in cirrhosis. Its 
alar character has been especially insisted upon by 

"Wickham Legg. 

n the earlier stages of this affection the liver is often 
siderably increased in size from the large amount of 
3d which it contains. On section, it presents a peculiar 
tiled appearance, the centre of the lobules being of 
Lark red colour, whilst the peripheral portions are of 
cUowish-white. This latter appearance is often in- 
wed by the presence of more or less fat in the peri- 
jral liver-cells. Oltimately the organ may undergo a 

B B 2 
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gradual dimmntion in size. Thie ia due partlj to tlie 
atrophj of the cells in th« central portionH of the lobole, 
and partly to the presenre of the interlobolar growth. 
The interlobular growth t^nds to caose obstruction to tlie 
portal circulation, as in ciirhosis. 

Mechanicai. Htpebjehu of tub Lckgs. — In the lungs 
long-continued mechanical hyperemia prodnces that 
peculiar induration and pigmentation of the OTgans 







blood-veBBel. a,* 
alveolar cavity. 



the abnomul 
1 coVBring tli6 

ty of pigmenL 6. The 



which is IcDown as Brown Indwration. This conditkn 
most frequently reanltB from Htenosis and inBufficiencj of 
the mitral orifice. The alterations produced in the pnl' 
monary teitnre consist in the first place of elongation 
and dilatation of the pulmonary capillaries, so that CTen 
in nninjected preparations the alveolar walls appear ab- 
normally toitoo'iiB. TUe epithelial cells lining the alveoli 
also become wwoHen 6:n4 nWimB.'wlCi m^iiS'^-S'^^^i*^ 
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are seen in large nxunbeni, tilled with dark brown pig- 
ment, covering the alveolar wallB. (Fig. 105.) They fre- 
qaentlj accomnlate within, and fill, the alveolar cavities. 
These changes are followed by an increase in the inter- 
lobnlar connective tissne, by the formation of large qnan- 
tiidee of brownish-black pigment, and often by a thickening 
of the alveolar walls. 

Lnngs in which these changes are at all advanced pre- 
sent a more or less uniform brownish-red tint, mottled 
with brown or blackish-colonred specks and streaks. 
They are heavier and tougher than natural, less crepi- 
tant, and npon squeezing them the pulmonary tissue is 
found to be denser and thicker than that of a healthy lung. 



PosT-MoRTEM Appearances of Htperjbmia. — The post- 
mortem appearances presented by hyperaemic orgaus and 
tissues vary considerably. Very frequently parts which 
were hyperaemic during life show no signs of it after 
death. If the blood does not coagulate rapidly it passes 
on into the veins, and thus the recognition of arterial 
and capillary hyperemia very often becomes impossible. 
The effect of gravitation must also be taken into account 
in estimating hypersemia. After death the blood natu- 
rally gravitates to the most dependent parts: — ^this is 
seen in the post-mortem congestion of the posterior por- 
tions of the lungs, and of the most dependent portions of 
the various coils of the intestine. The uniform redness of 
post-mortem staining again, must not be confounded with 
the redness of hyperaemia. In capillary and arterial hy- 
peraemia, the colour is red, and the injection often presents 
the appearance of a capilliform network. If very intense 
it may to the naked eye appear uniform, but a lens will 
always discover its capillary nature. When the veins are 
the seat of the hyperaemia the injection is called ramif orm, 
and the colour is dark blue. 
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The anatomioal pecnliarities in the distribution of the 
blood-Tessels will, however, materiaUj affect the appear- 
ance of the hypersemia. In the intestines it is often 
punddform, being situated in the vessels of the villi ; so 
also in the kidney, when its seat is the Malpighian cor^ 
pnsdes. A pnnctiform appearance may also be produced 
by minute extravasations of blood. If the hyperssmia is 
of long-standing, the tissue becomes pigmented. This is 
often well seen in the stomach and intestines, also in the 
longs. 



CHAPTER XTiTTT. 

THBOMSOSIS. 

Thbombosis is a ooag^nlaticm of the blood within the 
vessels dnring Hfe. This coagnlatioii is owing to changes 
in the walls ol the vessel itself, or to impeded blood-flow. 
The coagnlom is called a thrombus. It may form in the 
heart, in the arteries, in the capillaries, or in the veins. 
It is much the most common in the last-named vessels. 

Thrombi mnst be distingaished from the coagala that 
form after death, and also from those formed in the last 
moments of life which are so commonly found in t<he 
cardiac cavities. Post-mortem coagnla are soft, and are 
often divisible into two layers, coloured and nncoloured ; 
they do not adhere to the walls of the vessel, and rarely 
completely fill its cavity. The clots formed in the heart 
jnst before death constitute a connecting link between 
post-mortem coagala and thrombi They are more or 
less decolorised, and are firmer in consistence and more 
fibrinous than post-mortem clots. They are not firmly 
adherent to the cardiac walls, bnt are often so entangled 
amongst the colnmnss cameae, chordsa tendinesB, and 
papillary muscles, that they cannot be quite readily 
separated. They appear to be the result of the mechani- 
cal defibrination of the blood by the cardiac contractions 
a little while before death ; the contractions not being 
BufiSciently strong to empty the cavities, some of the 
blood remains behind, and becomes " whipped up" and 
defibrinated. These clots are most common in the right 
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bronchial catarrli. The inflammatory processes which are 
set up by means of injuries inflicted through the medium 
of the bronchi are characterised by the disseminated 
character of their distribution. Groups of air-vesicles 
communicating with the terminal bronchioles become im- 
plicated, and thus are produced lobular lesions. 

The last method by which injuries may be inflicted 
upon the lungs is by means of infection. This infection 
is precisely similar to that which has been already de- 
scribed as causing general tuberculosis. By it is under- 
stood the property possessed by certain inflammatory 
products — especially by those which have become caseons 
— of inducing secondary inflammatory processes in other 
parts. Limited tuberculosis difiers from the general 
disease oulv in the extent to which the infective materials 
are distributed. Whereas in the general affection the 
dissemination of the infective substances takes place 
principally by means of the blood-vessels, in the more 
limited processes the dissemination is effected by means 
of the lymphatic vessels or serous canals. In the lungs, 
limited infective processes are exceedingly common in 
phthisis, and they give rise to many of the miliary 
nodules of induration which are so frequently met with 
in phthisical lungs. The source of infection in these cases 
is usually some caseous induration already existing in the 
lung, so that the infective process usually supervenes 
upon pre-existing phthisis. 

There remains still one other factor which has a most 
important influence upon the causation of phthisis — tlM 
general health of the individual. That the development 
and progress of phthisis is greatly influenced by the state 
of the general health is well known. That this should be 
so will be readily understood if the inflammatory nature 
of the disease be kept in view, inasmuch as, in all cases, 
the susceptibility of a living tissue to injury is, cceteris 
paribus, greater, and. t^^ ^^o^et ol x^^w^TmL^AfosAlf from 
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tlie effect of the inflammation less, the lower the standard 
of the general health. 

In conclusion, allusion must be made to the different 
varieties of pnhnonary phthisis. Although the variations 
observed in the physical characters of phthisical Inngs 
and also in the clinical history of the disease, have led to 
its subdivision into different kinds, it appears to me that 
there are no pathological grounds for any such subdivi- 
sion. The variations observed in the clinical history of 
phthisis and in the physical characters of phthisical lungs 
are, I think, mainly to be ascribed to variations in the 
duration and intensity of the inflammatory processes 
which give rise to the pulmonary consolidation, and also 
to the parts which primary pulmonary inflammation, 
bronchial inflammation, and infection play respectively in 
the causation of the disease. 



CHAPTER XLII. 

CHANGES IN THE BLOOD AND CIRCULATION. 

HYPEREMIA. 

Htferamia or congestion is excess of blood in the more 
or less dilated vessels of a part. Whatever increases tlie 
pressure of the blood, or diminishes the resistance of the 
vessels, may be a canse of hypereemia. Hyperaemia is 
active or arterial^ and mechanical or venous. These two 
varieties must be considered separately. 

ACTIVE HTPEILaiMIA. 

Active hyperaemia is an excess of blood in the arteries 
of a part, with, in most cases, an acceleration of the flow. 

Causes. — The causes of active hyperaemia may be 
divided into those which increase blood-pressure, and 
those which diminish arterial resistance. 

1. Increased Blood-pressure. — This occurs most com- 
monly from interruption of the main current of blood in 
any particular part, owing to which increased pressure is 
thrown upon the collateral vessels. These vessels thus 
become dilated, the amount of blood in them is increased, 
and the flow is accelerated. This, which is known as 
collateral hyperoemia, is seen after the obstruction of the 
main current from any cause, as from the ligature of the 
vessel, or from its occlusion by a thrombus or embolus. 
(See " Embolism."^ 
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General obstruction in the capillaries of a part will in 
the same way cause a compensatory hyperaBmia. This is 
exempHfied by the application of external cold causing 
contraction of the superficial capillaries and congestion 
of internal organs ; and by obstruction of the capillaries 
in one part of an organ causing hyperaBmia of the parts 
adjacent. 

2. Diminished Arterial Resistance, — This is much the 
most frequent cause of active hyperaBmia. It may arise 
from — 

a. Relaxation or paralysis of the wall of the vessel, — The 
relaxation of the muscular coat of an artery and the con- 
sequent dilatation of the vessel, may be owing to, 1st, the 
direct paralysis of the vaso-motor nerve supplying it ; 2nd, 
to its indirect paralysis from irritation of a sensory nerve; 
and 3rd, to changes in the walls of the vessel resulting 
from injury independently of the nervous centres. The 
effects of direct paralysis of the vaso-motor nerves are 
seen in the active congestion of the head and neck which 
follows pressure upon the sympathetic in the neck, as by 
an aneurism ; and in the unilateral congestion which 
results from experimental sections or disease of one-half 
of the spinal cord. Some emotional conditions also are 
attended by paralysis of the vascular nerves and conse- 
quently by active hyperaemia: this is seen in blushing. 
Certain substances again taken internally produce vaso- 
motor paralysis, as the nitrite of amyl, alcohol, tobacco, <fec. 
Eelaxation and dilatation of the arteries resulting from 
irritation of a sensory nerve in those parts in which the 
nerve originates, and from the direct injury of the walls 
of the vessel independently of the nervous system, has 
already been described when speaking of vascular dilata- 
tion as the earliest change in the process of inflammation. 
In inflammation, the irritation is so severe as to cause 
not only dilatation of the vessel and accelerated \i\aKAr 
£ow, hut also a subsequent retaxda'tioii. oi >2tL<& ^xt^'vi^aS'ihss^ 
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*• ■ 
and eradation of liquor sangnmis and blood-corpuscles. 

(See " Inflammation.") If the irritation be less intense 
or less prolonged in its action it produces simply dilata- 
tion of the vessels and increased rapidity of flow — i.e., 
active hypersBmia. This is seen in the congestion of the 
skin which results from friction, heat, and many irritating 
substances ; in the priapism that sometimes results from 
the passage of a catheter ; and in many similar conditions. 

p. Sudden removal of extei-nal pressure, — The sudden 
removal of external pressure from vessels is followed by 
their dilatation, and consequently by hyperasmia. As 
examples of hypenemia from this cause may be mentioned 
that which results from dry cupping, and from the 
sudden removal of ascitic fluid, and of the fluid from a 
hydrocele. 

y. Atony of the walls of the vessels from mal-nutrition.— 
This is a much less important cause of hyperaemia. Fatty 
degeneration of the muscular and internal coats of the 
smaller arteries may, however, in some cases lead to their 
dilatation, and thus be a cause of active hyperasmia. 

Results. — The results of active hyperaemia are princi- 
pally such as might be expected to follow from an increase 
in the amount of the arterial blood, and in the rapidity of 
its flow, in any particular organ or tissue. There is 
increased redness and pulsation, a sensation of throbbing 
being often experienced by the patient. There is also an 
increase in bulk. The temperature at the same time 
undergoes a marked elevation. Serous effusions, haemor- 
rhage, and thrombosis — so common as results of me- 
chanical hyperaemia — are rarely met with. If the hyper- 
aemia be of long duration, the small arteries become 
permanently enlarged, and their walls thickened. Function 
may, or may not, be interfered with. It is in the nervous 
centres that functional changes are most frequently met 
with. They include great excitability, paraesthesiae of 
Bight and hearing, conNuiaioTi^i ?wi. 
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MECHANICAL HYPEILffiMIA. 

In mechanical hypersBmia, the excess of blood is princi- 
pally in the veins, and the flow, instead of being accele- 
rated, is retarded. 

Causes. — The causes of mechanical hyperaemia are 
such as interfere with the return of the blood by the 
veins, either by directly impeding its exit from any vein 
or system of veins, or by diminishing the normal cir- 
culating forces. They are — 

1. A direct Impediment to the Betum of Blood hy the 
Vems. — This is the most fertile cause of mechanical 
hyperaemia. Any obstruction to the return of blood by 
the veins is followed by distension and impeded flow 
behind the obstruction. The congestion of some of the 
abdominal viscera which results from the obstruction to 
the portal circulation in cirrhosis of the liver ; that of the 
lung in mitral constriction and regurgitation ; that of the 
systemic circulation in insufficiency of the tricuspid valve ; 
and that of the lower extremities from the pressure of the 
gravid uterus on the iliac veins, are a few of the numerous 
familiar examples of mechanical hyperaemia from this 
cause. 

2. Oravitation. — ^This becomes an important auxiliary 
in the production of hyperaemia in disease, especially 
when it is associated with diminished cardiac power. 
The effect of gravitation in determining congestion of the 
most dependent parts is exemplified in chronic exhaustive 
and in many of the acute febrile diseases, in which the 
nutrition generally becomes impaired, the heart's power 
weakened, and in which the patient is unable frequently 
to change his position. The integuments of the back, and 
the posterior portions of the lungs, are the parts which 
are thus most frequently affected. 

3. Increased Local Beaiatance^ — TlViia T^sviNJw^ ix^^roi.^^- 



368 CHANGES IN THE BLOOD AND CIRCULATION. 

eased conditions of the arterial walls, owing to which they 
either lose their elasticity and contraddlitj and thus 
their power of equalising and regulating the blood-flow, 
or become considerably enlarged. In either case the cir- 
colation will be impeded, and accumulation of blood and 
retardation of flow take place in the veins beyond. Such 
conditions may arise from simple atony of the arterial 
walls, or from atheromatons, fatty, or calcareous changes. 
They are most common in advanced life. The part they 
play in the production of senile gangrene has been already 
alluded to. (See " Senile Grangrene.") 

4. Diminished Cardiac Power. — This is one of the most 
important causes of mechanical hyperaBmia, especially 
when it is associated with any of the preceding ones. The 
motor power of the heart becomes impaired in many of 
the chronic exhausting diseases, also in the acute febrile 
diseases, as in typhus and typhoid fever, and in all those 
conditions of degeneration and softening of its structure 
which lead to the dilatation of its cavities. In whichever 
of these ways the vis a tergo is diminished it will tend to 
produce venous hyperaemia. 

Kesults. — Long continued mechanical hyperaemia leads 
to impairment of vitality and fdnction. The tissnes 
gradually atrophy and undergo retrogressive changes, 
although from the amount of serosity and blood which 
they contain their size and absolute weight may be in- 
creased. Their temperature becomes lowered. The most 
important results, however, of this variety of hypersBmia 
are fibroid induration, tratisudation of serum, hoemor- 
rhage, thrombosis, and gangrene, 

1. Fibroid Induration. — This, which is due to a gradual 
increase in the connective tissue around the blood-vessels, 
is one of the most important results of long continued 
mechanical hyperaemia. The interstitial growth leads to 
atrophy of the other a\xw.CiWcft^,^w^\}K»&'^ impairment of 
the fonctioiis of t\ie oxgaai. \^ ^^ ^\«av^j^a.,\s» ^^tjj^ssM^s. 
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atrophy of the glandular structures ; in the kidney, com- 
pression of the urine-tubes ; in the liver, obstruction to the 
portal circulation; in the heart, diminution in motor power. 
The alterations which this chauge produces in the physical 
characters of the organs— viz., a hardness and induration 
associated with abnormal redness or pigmentation due to 
the excess of blood, are exceedingly characteristic. 

2. Transvdation of Serum. — This gives rise to oedema 
and dropsical effusions. Its occurrence is greatly 
favoured by the stretching of the walls of the vessels, 
and by the damage which their structure sustains. The 
transuded serum usually differs from blood-serum in 
being of lower specific gravity, and in containing more 
water and less of the solid constituents. The greater 
the pressure, the more nearly does the transuded liquid 
resemble the liquor sanguinis, and the greater is the 
amount of albumen which it contains. If the pressure 
be very great it may yield a fibrinous coagulum. 

3. Hcemorrhage, — This is another result of mechanical 
hypersBmia. It usually occurs only when the obstruction 
to the venous current is very great. Those vessels which 
are the least supported are the first to give way. The 
haemorrhage into the stomach in cirrhosis of the liver, 
and into the lung in mitral disease, are familiar examples 
of hsBmorrhage from this cause. 

Not only does blood escape from the vessels by rupture 
of their walls in mechanical hyperaemia, but the red 
blood-corpuscles pass through the walls of the capillaries 
into the surrounding tissues without rupture taking 
place. This passage of the red corpuscles through the 
capillary walls, which was discovered by Cohnheim, may 
be observed in the web of the frog's foot after ligature of 
the femoral vein. The corpuscles in passing through the 
vessel become constricted in their centre, so as to assume 
an hour-glass shape. This emigration only occurs wheix 
the ohstmction is considerable. 
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4. Thrombotit. — This, aa a reBnIt of mechanical 
^tmction, will be described in the following chapter. 

5. Oemgrene. — Thie only occurs from mechanical 
penemia when the obstractjon is very general and a 
plete. It has been already described under tlie beai 
" Gangrene." 

Ugcbajiical HrPB&sHiA or the Lives — Nun 
Ln'ER, — Long-continned mechanical bypenemia of 




portioDS of the acinus, li^ether with the new 
growth of connective tisBUe M the pariphefy. 
V. Hepatic vein. P. Portal canal, x 60. (Whao 
Ifaie specimen is more highly magnified, the cen- 
tral hepatic vein and ils tribnlaries are seen t« be 
tilled with red biood-corpuBclea, and their walla 
thidcened. Tho iiilflrcelliilar aetiFOrk which im- 
mediately Borrounds it ie aUo thickened, and the 
pBriphBtal mmnec&'a tieBoa growth cantainB nn- 
merouB nlic\ti,') 
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liver gives rise to the condition known as Nutmeg Liver. 
This is the condition which so frequently results from 
disease of the heart. The change is characterised hy a 
large accumxdation of blood in the hepatic veins, by dila- 
tation and thickening of these veins, by atrophy of the 
hepatic cells in the central portions of the acini, and by 
an increase in the interlobular connective tissue. The 
impediment to the return of blood by the hepatic vein 
leads to atrophy of the cells in the central portions of the 
acini and also to the formation of granular pigment, so 
that when examined microscopically, these portions of 
the acini are seen to consist of broken-down cells and 
granules of pigment. (Fig. 104.) The veins here are 
found much dilated and filled with red blood-corpuscles. 
Their walls are thickened, and there often appears to 
be also more or less thickening of the intercellular net- 
work which immediately surrounds the central vein. 
Owing to this thickening of the central veins and of the 
adjacent intercellular network, and to the destruction of 
the liver-cells, the most central portions of the adni, in 
advanced stages of the disease, may present a very 
fibrous appearance. At the peripheral parts of the acini 
the new interlobular growth is seen insinuating itself 
between the almost unaltered liver cells. This new inter- 
lobular growth is usually distinctly nucleated, but for the 
most part, less so than that met with in cirrhosis. Its 
cellular character has been especially insisted upon by 
Dr. Wickham Legg. 

In the earlier stages of this affection the liver is often 
considerably increased in size from the large amount of 
blood which it contains. On section, it presents a peculiar 
mottled appearance, the centre of the lobules being of 
a dark red colour, whilst the peripheral portions are of 
a yellowish-white. This latter appearance is often in- 
creased by the presence of more or less fat in the peri- 
pheral liver-cells. CJltimately tlie oxgoji Taa.'^ To^^et^ ^ 
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gradual dunmntion in Bize This ia doe partlj to the 
atrophy of the cells in the central portions of the lobnle, 
and partly to the pressare of the interlobular growUi. 
The tnterlobular growth t«nda to cause ohatmction to the 
portal circulation as in cirrhoaia. 

Mechamical Hyperemia of thb Luhgs. — In the limge 
long contuined mechanical hyperemia prodnces that 
peculiar induration and p^^entation of the organs 




Drown ladtiralion q/* tie Lung. Bhowiug tbe Abnormal 
uaniber of swullen pEgmented epithelial <:elts covering tbe 
alveolar walls, the increase of coDDeetive tisBQo around tbe 
blood-veBsel, n, and the largequantilj of p^meot. b. The 
alveolar cavity, x 2O0. 

which is known as Brmrm Indivraiiim. This condition 
most frequently reanlts from stenosis and insufficiency of 
the mitral orifice. The alterations produced in the pul- 
monary texture consist in the firet place of elongation 
and dilatation of the pulmonary oapillaries, so that Men 
in uninjected preparations the alveolar walls appear ab- 
sgrmally tortuoue. The epithelial cells lining the alreoii 
aim become s-noUeti wi4 -citvinai^A-j m-oi.'OT^-j , iss^, 'Jok^ 
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are seen in large numbers, tilled with dark brown pig- 
ment, covering the alveolar walls. (Fig. 105.) They fre- 
quently accumulate within, and fill, the alveolar cavities. 
These changes are followed by an increase in the inter- 
lobular connective tissue, by the formation of large quan- 
tities of brownish-black pigment, and often by a thickening 
of the alveolar walls. 

Lungs in which these changes are at all advanced pre- 
sent a more or less uniform brownish-red tint, mottled 
with brown or blackish-coloured specks and streaks. 
They are heavier and tougher than natural, less crepi- 
tant, and upon squeezing them the puhnonary tissue is 
found to be denser and thicker than that of a healthy lung. 



PosT-MoRTBM Appbakances OP HYPEREMIA. — The post- 
mortem appearances presented by hyperaemic orgaivs and 
tissues vary considerably. Yery frequently parts which 
were hypersBmie during life show no signs of it after 
death. K the blood does not coagulate rapidly it passes 
on into the veins, and thus the recognition of arterial 
and capillary hyperaemia very often becomes impossible. 
The efEect of gravitation must also be taken into account 
in estimating hyperaemia. Afber death the blood natu- 
rally gravitates to the most dependent parts : — this is 
seen in the post-mortem congestion of the posterior por- 
tions of the lungs, and of the most dependent portions of 
the various coils of the intestine. The uniform redness of 
post-mortem staining again, must not be confounded with 
the redness of hyperaemia. In capillary and arterial hy- 
peraemia, the colour is red, and the injection often presents 
the appearance of a capiUiform network. If very intense 
it may to the naked eye appear uniform, but a lens will 
always discover its capillary nature. When the veins are 
the seat of the hyperaemia the injectioiv \^c»^\\<a,^^ca»\xs!ii<5kTV2v., 
and the colour is dark blue. 
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The anatomical pecnliarities in the distribution of the 
blood-vessels will, however, materially affect the appear- 
ance of the hypereemia. In the intestines it is often 
punctiform, being situated in the vessels of the villi; bo 
also in the kidney, when its seat is the Malpighian corp 
puscles. A punctiform appearance may also be produced 
by minute extravasations of blood. If the hypersBmia is 
of long-standing, the tissue becomes pigmented. This is 
often well seen in the stomach and intestines, also in the 
lungs. 



CHAPTER XLIIL 

THROMBOSIS. 

Thbombosis is a coagulation of the blood within the 
vessels during life. This coagulation is owing to changes 
in the walls of the vessel itself, or to impeded blood-flow. 
The coagulum is called a thrombus. It may form in the 
heart, in the arteries, in the capillaries, or in the veins. 
It is much the most common in the last-named vessels. 

Thrombi must be distinguished from the coagula that 
form after death, and also from those formed in the last 
moments of life which are so commonly found in the 
cardiac cavities. Post-mortem coagula are soft, and are 
often divisible into two layers, coloured and uncoloured ; 
they do not adhere to the walls of the vessel, and rarely 
completely fill its cavity. The clots formed in the heart 
just before death constitute a connecting link between 
post-mortem coagula and thrombi. They are more or 
less decolorised, and are firmer in consistence and more 
fibrinous than post-mortem clots. They are not firmly 
adherent to the cardiac walls, but are often so entangled 
amongst the columnae carness, chordsB tendinesB, and 
papillary muscles, that they cannot be quite readily 
separated. They appear to be the result of the mechani- 
cal defibrination of the blood by the cardiac contractions 
a little while before death; the contractions not being 
BuflSciently strong to empty the cavities, some of the 
blood remains behind, and becomes " ^\:d^^^ ^' ^axs.^ 
de£bruiated. These clots are moat <iOTCLTa.wi\xL*0afe^^^ 
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cariiy of the vesseL In most cases, however, when coagu- 
lation has commenced, it proceeds nntil the vessel is 
obetmcted, and when once this has occurred, the forma- 
tion of the thrombus continues to extend in the course of 
the Tessel until it meets with a current of blood strong 
enough to arrest its progress. Its ultimate extent will 
thus mainly depend upon the vessel in which it is formed, 
npon the size and situation of the collateral branches, 
and upon the force of the circulating current. The 
direction in which the coagulation principally extends, 
whether in the arteries or veins, is consequently back- 
wards from vessels of smaller to those of larger calibre ; 
the formation of the thrombus continuing until it meets 
with a current sufficiently strong to restore the circula- 
tion, which in many cases is as far as the entrance of 
the next large collateral vessel. The end of the thrombus 
next the heart is rounded and conical in shape. (See 
Fig. 108, c.) 

The thrombus when once formed either becomes 
organised or softens. The former is most frequent in the 
arteries, the latter in the veins and heart. 

Organisation. — This consists in the gradual transfor- 
mation of the thrombus into connective tissue. A 
thrombus which is undergoing a process of organisation 
gradually diminishes in size, it becomes more and more 
decolorised, firmer and more fibrous in consistence, its 
union with the wall of the vessel becomes more intimate, 
and ultimately it becomes converted into a fibro-cellular 
cord. These changes are probably principally owing to 
the white blood-corpuscles which it contains. 

Soon after the formation of the thrombus the number 
of young cells in it becomes greatly increased. In a 
somewhat more advanced stage the red blood- corpuscles 
almost entirely disappear, the clot becomes firm and 
homogeneous, and in addition to the small round 
elements, numerous anastomosing spindle-shaped cell& 
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with oval nndei make their appearance. (Fig. 106.) The 
intercelltilar material tben becomes fibnllat«d, the walls 
of the Teseel become infiltrated with cells, and numerom 
new blood-ressels are formed which intersect the tiu-ombaa 
in all directiouB. These vesaela commimicate with tht 
cavit; of the thrombosed vessel, and with its tom 
Tasonun. (Fig. 107.) The Tascntar fibrillated Btmctnre 

Fio 106 




SKtkm 1^ on ArterUU Thrtmbut Thbiy-ievBi Day Old. 
a. Tfew blood-Teflselfl. h. Leqcocytea ftnd anaBtomooing 
cells. (ItiiidfleiBcli.) 

into which the thrombus has become organised gradually 
nndergoes a process of atrophy and contraction, the oew 
vessels disappear, and nltiiuateljit becomes converted into 
a fibro-cellular cord. In some cases it becomes calcified, 
and thus forma a pblebolith. 

Respecting the source from which the large number of 
new cells which make their appearance in the tiirombna 
are derived — it appears to be most probable that they 
originate mainlj from the white blood-corpnscles, and 
partly from the endothelial and connective-tisaae cells 
belonging to the walla cS ^e ^ewiA. '^T'iiiAIirt, however, 
tiuf are all ot tlieni\l"i (S^spTm^ -i 'ii«»a fiiKoast&i..,^ 
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ather some ot them may not be leuoocytea whiot have 
letrated from nitlioiit, is unknown. From these siaall 
B the elongated connective tiasne-cells are produced. 
3 exact source from which the fibrillated intercellular 
terial is derived — whether the intercellular coagulnm 
ilf fibiillateB, or whether it disappears and the fibres are 
ived from the protoplasm of the cella — is ancertain. 

Fio. 107. 




Lon^tudiaal Section qf the I^gatKred End i^flhe Crurat 
Artery <^ a Dog, ^y Dagi afler the Application o/the 
laeature. Showing tbe newly-formed Teasels in (he 
IhrorabuB Bad their commnnication with ths Tasavaeo- 
niai, Tk. ThTombiiB. M. MuBCuUr coat. Z. Eittmal 
coat and vaaa vaaonim, n 20. (0. Weber.) 

iofleavng. — If the thrombns does not become organised, 
OBnall; andergoea a process of softening and hque- 
tion: — this is most common in the veins and heart. 
is probable also that in some caaea tbe thrombiui ma.-^ 
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become absorbed. The softening most frequently com- 
mences in the centre of the clot, and gradoallj extends 
towards the circumference. The thrombas breaks down 
into a soft pulpy material, which sometimes has the ap- 
pearance of pounded cooked meat, and in other cases is 
distinctly puriform in character. Under the microscope 
it is seen to consist of albuminous granules, molecular fat, 
and more or less altered red and white blood-corpuscles. 
These changes in the clot are frequently owing simply to 
its disintegration, but in some cases it is probable that 
the thrombus may suppurate, and that owing to the pro- 
liferation of the white blood-corpuscles which it contains 
it becomes converted into true pus. The whole of the 
thrombus may thus become softened, or the process may 
be limited to the more central portions, whilst the external 
layers become organised. Very frequently as the older 
portions of the clot are becoming disintegrated and sof- 
tened, fresh coagulation takes place at its extremities. 

Causes. — The causes of thrombosis are of two kinds— 
those which lead to a retardation of the blood-flow, and 
those in which there is some abnormal condition of the 
walls of the vessels or of the blood. 

1. Th/rornhosis from Retardation of the Blood-flow may 
result from — 

a. Interruption or narrowing of the vessel, — ^This occurs 
after the application of a ligature. Coagulation com- 
mences at the point of contact, and extends as far as the 
first large collateral branches, thus permanently closing 
the vessel. The pressure exercised by tumours, cicatricial 
tissue, extravasations of blood, and the closure of a vessel 
by the impaction of an embolus, may in the same wa}* by 
impeding or arresting the circulation cause thrombosis. 
General obstruction in the capillaries of a part also causes 
coagulation in the adjacent veins. 

13, Solution of tlie coutmuitij of ihA 'wesgeL — The forma- 
tion of a thrombus a^tex l\i^ ^T^\o\^Qt Xftaxvs^^^cJl ^-^^^-^^ 
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constitates the means by whicli haemorrhage is imme- 
diately arrested : — there must be either thrombosis or con- 
tinuous haemorrhage. In the arteries, the severed end of 
the vessel contracts and retracts within its sheath, coagu- 
lation commences around it and extends upwards as far 
as tlie first large collateral branch. In the veins haemor- 
rliage is frequently arrested by the valves, and the forma- 
tion of a thrombus will evidently depend upon the rela- 
tive situations of the valves and collateral vessels. The 
haBuiOfrrhage from the uterus after the separation of the 
placenta is arrested either by uterine contraction or by 
thrombosis. 

y. Dilatation of the vessels, or of the heart. — The most 
familiar example of thrombosis from this cause is that 
which occurs in an aneurism. The greater the amount of 
dilatation the greater is the retardation of the blood-flow. 
The coagulation commences at the sides of the vessel, and 
may extend until it completely fills the cavity. Coagula- 
tion from the same cause is not uncommon in the dilated 
plexuses of the prostate gland. In the heart, thrombosis 
is most frequent in the auricles. It usually commences 
in the auricular appendix, where there is very little pro- 
pulsive power, and it may gradually extend into the auri- 
cular cavity. It is also met with in the ventricles, com- 
monly commencing here between the columnaB cameae. 

d. Diminished cardiac power, — This is a common cause 
of thrombosis in the veins. The coagulation commences 
just behind the flaps of the valves, from which it gradually 
extends into the cavity of the vessel. This appears to be 
owing to the force of the current not being sufficiently 
strong to completely open the valves, and the blood con- 
sequently stagnates and coagulates behind them. The 
crural and iliac veins, the venous plexuses of the back, 
and the cerebral sinuses, are the situations in which 
thrombosis from this cause is most frequently met witb. 
It occurs in the course of many chronic exhausting dis- 
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eases in which the cardiac power becomes diminished, and 
is especially frequent in phthisis, cancer, <&c. The state 
of the blood, which often has an abnormal tendency to 
coagulate, together with the qniescent condition of the 
patient, materially aid in causing the coagnlation. 

2. Thrombosis from Ahnormal Conditions of the Vessels 
or of the Blood, 

a. Causes in the vessels. — Any abnormal condition of 
the walls of a vessel may be a cause of thrombosis. When 
the wall becomes abnormal it acts as a foreign body and 
the blood coagulates upon it, and it may continae to do so 
until the cavity of the vessel becomes filled with coagulum. 
Thrombi produced in this way are consequently stratified. 
The walls of a vessel may become altered as the result of 
inflammatory processes, and inflammation was formerly 
regarded as the main, if not the only, cause of thrombosis ; 
hence thrombosis in veins is frequently termed "phle- 
bitis" even at the present day. Inflammation of veins, 
as already stated, is certainly rare as a primary condi- 
tion, although it not unfrequently results from the 
formation of a thrombus. When occurring primarily, 
inflammatory processes, both in the arteries and the 
veins, have their seat in the external and middle coats 
or in the deeper layers of the intima. They never com- 
mence in the lining membrane of the vessel : this only 
becomes aflected secondarily. The vitality of the lining 
membrane becomes impaired as the result of the inflam- 
matory process, and when this has occurred it acts as a 
foreign body, and thus there is a tendency for the blood 
to coagulate upon its surface. In other cases the lining 
membrane is completely destroyed, and the subjacent 
diseased tissues thus come into contact with the circu- 
lating blood, and in the same way cause the formation 
of a thrombus. Such inflammatory changes occur in 
the arteries, constituting the condition known as " athe- 
roma," which, in. tlie smiaJlenc '^^^^^^,TQ3i73\» ^ ^;^:^^s^ ^1 
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thrombosis. In the heart they constitute endocarditis; 
and here also, as has been seen, coagulation may take 
place upon the abnormal surface of the inflanunatorj 
vegetations. (See '' Endocarditis.") 

The walls of a vessel may also become altered, and thus 
'thrombosis result, from inflammation or gangrene of the 
ioBSues in which it is situated. The vitality of the vessel 
l)ecomes destroyed and the blood coagulates within it; 
and by this means the occurrence of hsBmorrhage is fre- 
quently prevented. The projection of new formations, as 
sarcoma, into the cavity of vessels, may in the same way 
cause the formation of a thrombus. 

/3. Gcmses vn the blood, — ^The greater the tendency of 
the blood to coagulate the more readily will thrombosis 
take place. An increased tendency to coagulation ap- 
pears often to be due to an excess of the fibrinogenous 
substance in the blood, such as exists in acute inflam- 
matory diseases, and in the latter months of pregnancy. 
This tendency, however, is probably never sufiicient in 
itself to determine the formation of a thrombus ; it can 
hence only be regarded as a predisposing cause. It is 
especially in those conditions in which the circulation is 
impeded from diminished cardiac power, that it becomes 
an important agent in producing thrombosis. 

Besults. — The results of thrombosis comprise certain 
changes in the walls of the vessels, more or less obstruc- 
tion to the circulation, and embolism. These must be 
considered separately. 

1. Changes in the vessels, — More or less alteration in 
the wall of the vessel is an invariable consequence of the 
formation of a thrombus. When the thrombus under- 
goes a process of organisation, it becomes, as already 
described, intimately united with the vascular wall. The 
latter in the first place becomes infiltrated with cells and 
considerably thickened, but ultimately, together with the 
thrombus, gradually atrophies. It is when the thrombus 
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softens and becomes disintegrated that tlie most impor- 
tant changes take place in the vesseL These clianges aie 
of an acute inflammatory nature, and appear to result 
from the irritating influence of the softened thrombus. 
They are most frequently observed in the veins, where 
softening is most liable to occur. 

The walls of a vein within which a thrombus is soften- 
ing are considerably thickened, so that the vessel more 
resembles an artery. The inner surface has lost its 
translucency, and is of a dead opaque colour. The vasa 
vasorura are hyperaemic. Under the microscope, the 
cells of the intima and of the middle and external coats 
are found to be considerably increased in number, and 
numerous leucocytes are seen infiltrating the different 
textures. In some cases small collections of pus are seen 
in the external coats. Similar changes are observed in 
the arteries. 

In these acute inflammatory changes which are pro- 
duced in veins by thrombi proliferation of the endothe- 
lium of the vessel often appears to play a prominent part. 
As already stated, in inflammation of vessels not resulting 
from thrombosis, the endothelium undergoes no active 
changes. 

2. Obstruction to the circulation. — The consequences of 
the obstruction to the circulation which results from the 
formation of a thrombus will depend upon the rapidity of 
its formation, the nature and size of the vessel obstru ted, 
the situation and number of the collateral branches, and 
the force of the circulating current. When a thrombus 
forms in a vein of small size and there are numerous 
collateral vessels, as in the prostatic or uterine plexuses, 
the circulation is but little interfered with and no symp- 
toms of obstruction result. If, however, the main trunk 
of a large vein becomes obliterated, as that of the femoral 
or iliac veins, the obstruction is followed by hypersemia, 
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ihe'eiteni^aiid dmatkm of winch wiH depend upon the 
ieuaSt^ yntk which the dxculation can be restored br the 
oollflteral vessels. Thiombosb in the abore-named Tcins 
jbreqnentl J occnrs, as ahead j statei, in the btter stages 
of man J chioiuc diseases, espedallj in phthisis ; also in 
the puerperal state, where it gires rise to the condition 
known as phlegmasia dcflens. The formation of a throm- 
bus here is followed bj oedema and swelling of the limb, 
which becomes tense, elastic and painful. In the early 
staf^ there may be some cyanosis, but this is nsually 
quickly followed by a pallid whiteness of the surface. 
There is often more or less tenderness in the course of 
the vein, which feels enlarged, hard, and knotted, owing 
to the secondary inflammatory changes in its walls. At 
the same time there is sometimes swelling and tenderness 
of the lymphatics, which may be seen as red lines tra- 
rersing the limb. Diffuse inflammation of the skin and 
subcutaneous cellular tissue occasionally occurs. These 
changes are owing partly to the mechanical impediment 
to the circulation, and partly to the obstruction of lym- 
phatics and to the secondary inflammatory processes in 
the vein and tissues which ensue. The circulation is 
usually ultimately restored ; but if the impediment has 
been of long duration, the tissues become thickened, and 
the limb is left in a hard, indurated, and somewhat 
enlarged condition. 

The formation of a thrombus in an artery is followed 
in the first place by anasmia of the parts supplied by it ; 
the ultimate result will depend upon the facility with 
which the circulation can be restored by the collateral 
vessels. If the circulation be quickly re-established, as 
is usually the case, the vitality of the tissues may not 
become impaired; but if not, the part may undergo a 
process of molecular disintegration and softening, the 
softened tissue often being surrounded by a zone of 

c c 
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hyperssmia which results from the attempt to establish a 
collateral circulation. 

3. Embolism, — Portions of the thrombus may be carried 
away by the circulation, thus constituting embolism. This, 
which is the most important result of thrombosis, will be 
considered in the following chapter. 



CHAPTER XLIV. 

EMBOLISM. 

SiCBOUSH is the arrest of solid substances circulating in 
the blood in vessels which are too small to allow them to 
pass. The solid substances are termed emboli. These 
are very various in their nature. 

By far the most frequent source of emboli are thrombi, 
portions of which are carried from the seat of their for- 
mation by the circulation, and become arrested in distant 
vessels — ^thus constituting embolism, A thrombus may 
give rise to emboli in various ways. It may soften and 
break down, and if the lumen of the vessel be thus restored, 
its fragments become distributed by the blood-current. In 
those cases in which the thrombus does not fill the vessel, 
portions of it may readily be carried away by the blood 
passing over it. Perhaps, however, the most frequent way 
in which a thrombus gives rise to embolism is by its conical 
end being broken off by the current of blood from a col- 
lateral vessel. The formation of a thrombus, as already 
described, usually ceases opposite the entrance of a large 
collateral vessel, and if its conical end project a little way 
into the cavity of this vessel it may be readily broken off 
by the blood-current. (Fig. 108.) It is especially venous 
thrombi which give rise to embolism : the veins of the leg, 
the iliac, hypogastric, and jugular veins being amongst the 
most common sources. Emboli from cardiac thrombi are 

c c 2 
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also exceedioglj common, wHlst titoae from arterial w 
the least freqneat, 

Fia. 108. 




A "ntrombut in the Saphenout I'eii. Showing the pri>- 
jfrtioD of the conical eaA of the thrombus into Uie 
{■.'moral vesee!. S, SaphenouB vein. T. ThroinbnB, 
C. Conical end projecting inW femoral vein. At c p, op- 
posite tliB valves, the thrombus is softened. (Virchow.) 

Emboli may, however, originate independentty of 
thrombi : — vegetationa and caloareoua or atheromatous 
masses separated from the valvea of the heart, or from 
the inner sarface of arteries ; portioua of new growths, bb 
carcinoma, which having perforated the vessels, have 
been carried away by the current ; parasites which have 
made their way into the interior of vessels ; pigment 
grannies, and other sabstancea, may all constitnte emboli. 

The emboli become arrested iu tlie firtrt vessels they 
meet with which are too small to allow them to pass : 
the size of the vessel will consequently depend npon tie 
size of the embolas. They are oflen so minnte that they 
pass into and become impacted in the smallest capillaries. 
The seat of impaction is nsnally at the bifnrcation of the 
vessel, or where, from the giving off of branches, the 
calibre is dimimstoig "ca-^iSlj. i^** "^^^ '^'^•S Thoa 
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Diiginating in the systemic veins or in the right 
cavities, will most commonly become arrested in 
}els of the longs ; those originating in the arteries, 

cardiac cavities, or the pnlmonary veins — ^in the 
c arteries and capillaries, especially in those of the 
kidneys, and brain ; and those originating in the 
tenons system — ^in the hepatic branches of the 
ein. In some cases, however, the smallest emboli 
3s through the capillaries of the lungs and become 
I in those of the kidneys, spleen, or other organs, 
rith the exception of emboli originating in the 
vessels, the seat of arrest is the arteries or 
ies. 

imboli are usually carried in the direction of the 
irrent ; hence those carried by the aortic stream 
mmonly pass into the thoracic aorta than into the 
and subclavian vessels, and into the left carotid 
al artery than into the corresponding arteries of 
osite side. Gravitation also influences the direc- 
which they are carried, especially those of large 
ich move somewhat more slowly than the blood- 
Owing to this, they are more common in the 
»bes and posterior parts of the lungs than in the 
r and anterior portions of these organs. 
3mbolus when arrested, may either completely or 
rtially fill the cavity of the vessel. If, as is fre- 

the case, the arrest takes place at a point of 
ion, the embolus may partially fill both branches, 
^ a small stream of blood to pass. This may 
ff portions of it, and so cause secondary emboli, 
become impacted in more distant vessels. The 
< of obstruction which immediately follows the 
vill partly depend upon the nature of the embolus 
If the embolus be from a soft, recently-formed 
as, it will adapt itself to the cavity of the vessel, 
completely occlude it. If, on tha otibj^x \i«a^d^\k»^ 



390 CHANGES m THE BLOOD AND CIECULATION. 

irregular in sliape and firm in consistence, as when deriyed 
from a calcified cardiac vegetation, it may not fill the 
vessel, but allow a small current of blood to pass it. 

The arrest of the embolus and the consequent obstmc- 
tion to the circulation, is followed by the formation of 
thrombi behind and in front of it, which extend as &r as 
the entrance of the first large collateral vessels. (Fig. 109.) 

Fig. 109. 




Embolus impacted at the B\furcation qf a Branch 
qf the Pulmonary Artery. Showing the formation 
of thrombi behind and in front of it, and the ex- 
tension of these as far as the entrance of the next 
collateral vessels. E. Embolus, t If. ThrombL 
(Virchow.) 

If the embolus does not completely fill the vessel, coagulmn 
is deposited in successive layers upon its surface until the 
occlusion of the vessel is complete, and then the secondary 
thrombus extends, as in the former case, until it meets 
with a current of blood strong enough to arrest its pro- 
gress. If the embolus is a portion of a soft thrombus, it 
will in most cases be impossible to distinguish it from the 
secondary thrombus which surrounds it. If, however, it 
is a calcareous mass, or a portion of an old thrombus, 
it may usually be distinguished from the more recent 
secondary coagulum. The changes in these secondary 
thrombi are similar to tYkoae ^kNi^^A^ ^<i^<i?nJQ^^&<i<5««rcai% 
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in the primary, — comprising adhesion to the wall of the 
vessel, softening, and organisation. 

Bbsults. — ^The resnlts of embolism are of two kinds — 
those depending npon the mechanical obstruction to the 
drcalation, and those produced by the irritating or 
infective properties of the emboli themselves. (See 
« Pysemia.") 

The first series of changes are those occarring in the 
walls of the vessel within which the embolus becomes 
arrested. If the embolus possesses no infective proper- 
ties, being derived from a source where no putrefactive 
changes are taking place, it, together with the thrombus 
which it causes to form around and beyond it, simply 
becomes organised or reabsorbed, and the walls of the 
vessel become more or less thickened. If, on the other 
hand, the embolus is impregnated with unhealthy pus or 
with other putrid inflammatory products, it is very liable 
to cause inflammation and sloughing of the walls of the 
vessel within which it is impacted. 

The most important changes, however, resulting from 
embolism are those which take place in the organ or tissue, 
the vessels of which have become plugged by the emboli. 
The first effect of the plugging of a vessel by an embolus, 
is the arrest of the circulation through it, and if the vessel 
be the main nutrient or functional artery, this is followed 
by the sudden cessation of the function and nutrition of 
the part. Thus, plugging of one of the larger arteries in 
the brain is followed by sudden loss of consciousness and 
paralysis (apoplexy) ; plugging of the pulmonary artery, 
by sudden asphyxia ; and of the coronary arteries, by 
sudden paralysis of the heart. The subsequent changes 
will depend upon the structure of the organ, the arrange- 
ment of its vessels, and the facility with which a collateral 
circulation can be established. If the circulation be 
quickly re-established by the collateral vessels, the part 
recovers itself without undergoing any structural change, 
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and its nutrition and functions are restored. If, however, 
this is not the case, and the nutrient supply is materially 
interfered with, either by the obstruction of the main 
vessel, of the principal branches, or of the capillaries 
themselves, — ^the death of the part must necessarily ensne. 
The interference with the circulation is in great measure 
dependent upon the thrombosis which occurs around the 
impacted embolus. The organs in which the arrangement 
of the blood-vessels is such that the circulation cannot be 
readily restored by the anastomosing vessels, and conse- 
quently those in which necrotic changes most commonly 
result from embolism, are the spleen, the kidneys, the 
lungs, the brain, and the retina. 

The area of tissue from which the supply of blood has 
been cut off is usually suiTOunded by a zone of intense 
hypersemia, which results from the stress which is thrown 
upon the collateral vessels. This zone of hyperasmia is 
very characteristic, and indicates at once the nature of 
the lesion. When the circulation cannot be restored, the 
vessels in the embolic area often become so much dis- 
tended with blood that haemorrhage takes place, and thus 
is produced a tract of tissue within which the circulation 
has become arrested, and which is more or less extensively 
infiltrated with blood. This is known as a hcemorrhctgic 
infarct 

These heemorrhagic infarcts are very frequently met 
with, especially in the lungs, spleen, and kidneys. They 
are dark, reddish, firm, masses of consolidation, and 
owing to the distribution of the blood-vessels, they are 
usually wedge-shaped, the apex of the cone being towards 
the centre of the organ. The more complete the obstruc- 
tion, the more vascular the tissue, and the less the vessels 
are supported, the greater is the amount of infarction, and 
the more rapid is the softening and disintegration that 
ensues. (Fig. 110.) 



This vasoolar engorgement in the embolic area, althongh 
partly dne to the increased BtresR which is throvm on the 




IHagTant qf a Bamorrliagic Ir^arct, a. Artery obli- 
temtod b; an embolus {e). v. Vein filled with a aecottduy 
thrombus ((*). 1. Centre of infarct which is becoming dia- 
integratad. 3. Area of eitravasatioQ. 3. Area of coUa- 
teial hyparffimia. (0. Weber.) 

(wUateral vessels, is, according to Gohnheim, mainly 
owing to the regnrgitation of blood from the veina. 
When the force of the blood-stream in the artery is 
annihilated bj the impaction of the embolns there is a 
backward preasnre and regm^tation from the veins into 
the capUIariea, so that there is produced considerable 
venous engorgement of the last-named vessels. The 
occorrence of the haemorrhage, Gohnheim regards as the 
result of necrotic changes in the capillary walls, these 
changes being dne to the subatitntion in these vessels of 
venous for arterial blood. 

The snbseqnent changes which take place in the infarct 
depend upon its aize, upon the extent to which the circn- 
lation im it is interfered with, and npon the nature of the 
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embohiB which caused the infarction. If the in^Eurct is 
small and the embolus possesses no infective properties, 
the coagulated blood gpradually becomes decolorised* and 
the mass undergoes a gradual process of absorption. 
The infarct then changes firom a dark red to a brown or 
yellow tint, its more external portions become organised 
into oonnectiye tissue, and the whole gradually contracts, 
until ultimately a cicatrix may be aU that remains to 
indicate the change. If, howeyer, the in&rction is con- 
siderable, the molecular disintegration and softening may 
be so extensiye as to convert the mass into a pulpy 
granular material. This may subsequently dry up and 
become encapsuled. In all these secondary changes 
which take place in the infarct, its most external portions 
are surrounded by a red zone of hyperssmic tissue. This 
is exceedingly characteristic. 

If an embolus possesses irritating or infective proper- 
ties, as when it is derived from a part where putrefactive 
inflammatory changes are going on, it sets up inflamma- 
tory processes both in the vessel within which it becomes 
impacted, and also in the surrounding tissues. These 
inflammatory changes frequently lead to the formation of 
abscesses which are known as embolic abscesses. (See 
" PysBmia.") The formation of such abscesses may be 
associated with more or less infarction of the embolic 
area. 

EMBOLISM IN THE BBAIN. 

The impaction of emboli within the vessels of the bram 
is one of the causes of cerebral softening. The softening 
resulting from embolism is, for the most part, entirely 
dependent upon the obstruction to the circulation caused 
by the embolus and by the resulting thrombosis. It is 
rapidly induced and is often attended by the extravasa- 
tion of blood, when it constitutes one form of a>cuie red 
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softem/ng. If the interference witli the drcnlation be 
slight, there may be no extravasation of blood and the 
process of disintegration may be more gradual, so that 
the softened portions are white in colour, and the condi- 
tion then more resembles the chronic white softening 
already described as resulting from degeneration of the 
cerebral blood-vessels. (See " Fatty Degeneration of the 
Brain.") The softened tissue will also be white in colour 
when one of the large vessels is obstructed, so that a 
large portion of one hemisphere loses its vitality. The 
large vessel most frequently blocked is the middle cerebral 
artery. In almost aU cases in which softening of the 
cerebral substance results from embolism, the embolus is 
arrested in one of the vessels beyond the circle of Willis, 
because here the circulation cannot be readily restored 
by the collateral vessels. 

When the interference with the circulation is attended 
by vascular engorgement and extravasation of blood, the 
softened portion, in the early stage, is either of a uniform 
dark red colour, or presents numerous red haemorrhagic 
points. The softening is most marked in the centre, 
whilst the hyperaemia and redness may extend for some 
distance around it. Under the microscope, the softened 
portion is seen to consist of broken-down nerve fibres, 
altered blood-corpuscles, granules of fat, and the large 
granxdar corpuscles which result from the fatty degenera- 
tion of the nerve-cells and of the cells of the neuroglia. 
(See Fig. 10.) The surrounding capillaries are dilated 
and filled with coagula, and the granular corpuscles 
envelope their walls. In a more advanced stage all trace 
of nervous structure is lost, the softened mass becomes 
decolorised, and passes from a dark red colour to a choco- 
late, brown, yeUow, or even white. It may liquefy and 
form a cyst ; more commonly, however, it gradually dries 
up, and a process of repair takes place by the growth of 
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V 

tlie stirroTindiiig nenroglia, whicli forms a fibrous net- 
work in the place of the softened tissue. This contracts, 
and ultimately a cicatrix with hseniatoidin crystals maybe 
all that remains. 

Eed softening from embolism is often very difficult to 
distinguish in the post-mortem room from that which 
results from thrombosis. 



CHAPTER XLV, 

LEUKJSMIA. 

Leukemia, or leucocythcBmia, is a disease characterised 
by a large increase in the number of the white corpuscles 
in the blood, which increase is associated with a new for- 
mation of lymphatic tissue in the spleen, in the lymphatic 
glands, and sometimes in other organs. Eespecting the 
relation which subsists between the new growth of lym- 
phatic tissue and the increase in the number of the white 
blood-corpuscles — ^it is probable, as stated by Yirchow, 
that the former is a cause of the latter, and that the in- 
crease is mainly due to a larger number of lymphatic 
elements entering the blood than in health. At the same 
time it is difficult to admit this as the only cause of the 
increase, as new growths of lymphatic tissue may take 
place in these organs without the production of any 
leukaemia. This has been seen to occur in Hodgkin's 
disease. It is possible that the power of the white blood- 
corpuscles and lymph-corpuscles to form red corpuscles is 
diminished, or that the white corpuscles may increase by 
multiplication in the blood. The pathology of the disease, 
however, is still exceedingly obscure. 

The new formation of lymphatic tissue occurs in the 
first place in the spleen or in the lymphatic glands ; sub- 
sequently, however, the liver, the kidneys, the intestines, 
the lungs, and other organs, may become infiltrated with 
lymphatic elements. The growth is a continuous one. 
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the new elements many of them enter the blood, the re- 
mainder, not undergoing any retrogressive changes, give 
rise to tumours in, or to a general increase in the size of, 
the organs in which they are generated. 

The new growth may commence in the sjpleen or in the 
lymphatic glands, hence Yirchow has distinguished two 
forms of leukaemia — ^the splenic and the lymphatic. In 
the former he states that the white blood-cells are some- 
what larger and more granular than normal (Fig. Ill) ; 

Fio. IIL 




Leukamiic Blood. From a young man, 
aged twenty-four, with enormous en- 
largement of the spleen, x 200. 

whilst in the latter they are smaller. In most cases of 
the disease, however, both the spleen and the lymphatic 
glands are affected, the spleen being the organ principally 
involved. A purely lymphatic leuksBmia is exceedingly 
rare. The coagulating power of the blood in leukaemia is 
much diminished. 

In the spleen — ^which must thus be regarded as the 
most important organ in the production of leukaBmia— 
the first stage in the process is one of intense hypersemia. 
The organ becomes exceedingly vascular, and the cells 
both of the pulp and of the Malpighian corpuscles 
increase in number. The process, however, soon becomes 
principally limited to the Malpighian corpuscles. In 
these the cells continue to multiply rapidly, many new 
blood-vessels are formed, and the corpuscles thus increase 
in size. They Bomeitim^a «.\»\aaiL\JDji ^vaa ^1 ^V^NUi3i-\sssfcs 



LEUKAEMIA. 399 

and are seen as firm whitisli nodules of an irregnlar 
sliape, scattered tihrongli the much enlarged and vascnlar 
organ. As the Malpighian corpnscles increase in size, 
the snrronnding pulp gradually atrophies, and often be- 
comes deeply pigmented The trabecnlsa at the same 
time becomes thicker and more fibrous. The organ thus 
becomes firmer in consistence, and the enlarged Mal- 
pighian corpnscles make up the chief part of its bulk. 
The capsule also becomes thickened, and forms adhesions 
with the surroxmding viscera. 

In the lymphatic glcmds the process is precisely similar 
to that in the spleen, the follicles of the gland being the 
chief seats of the hyperplasia. The glands become 
enlarged, soft, and vascular. 

In the course of the disease this new growth of lym- 
phatic tissue may take place in other parts, both in 
lymphatic and non-lymphatic structures. Of the former, 
the follicles of the intestine, and the medulla of bone, are 
those most commonly involved In the intestines, the 
follicles may become so much enlarged as to form distinct 
firm tumours. The medulla of bone is, according to 
Nexmiann, in exceptional cases the principal seat of the 
diseased process. 

The growth of lymphatic tissue in non-lymphatic 
structures occurs principally in the liver and kidneys; 
less frequently in the lungs and muscle. The new growth 
in these organs either forms distinct tumours, or exists as 
an infiltration. In its structure it consists of lymphoid 
elements embedded in a more or less distinct reticulum. 
(See "The Lymphomata.") How far these lymphoid 
growths are the result of a hyperplasia of the cells in the 
interstitial tissue of the organ in which they are situated, 
and how far an emigration of the leucocytes, which exist 
in such large numbers in the blood, takes part in their 
formation is unknown. The latter, however, is probably 
the most important factor in the process. 
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The organ wliich is a common seat of these lymphoid 
growths is the liver. Here the vessels thronghont the 
organ become enlarged and distended with white blood, 
and the growth commencing in the interlobnlar tissue, 
gradually extends into the lobnles themselves. In the 
earlier stages, the lobules are seen to be clearly mapped 
out by a greyish-white interlobtdar infiltration. As this 
increases the liver-cells become compressed and atrophy, 
until ultimately the lobules may be replaced entirely by 
lymphatic tissue. Associated with this infiltration there 
is often a formation of small, round, soft, whitish nodules, 
somewhat resembling grey tubercles. Owing to these 
changes, the liver becomes very considerably increased in 
size. 

In the hidneySf which are also frequently affected, the 
change is similar to that in the liver. Here also it con- 
sists for the most part in an infiltration, with which may 
be associated the formation of roundish nodules and 
masses. 



CHAPTER XLVI. 

THE PREPARATION AND MOUNTING OF 

SPECIMENS. 

In tliis, the concluding cliapter, it is proposed to describe 
very briefly the more common methods of preparing and 
mounting specimens for microscopical examination. It 
is not intended to give an account of those various and 
complex methods of investigation which are required for 
minute histological research, but merely to describe those 
more easy ones which suffice in the great majority of cases 
for the recognition of the structural alterations met with 
in disease. In order to be as brief as possible, those 
methods only will be described which I believe to be the 
most readily available and at the same time to yield the 
most satisfactory results. The subject will be treated 
under the following heads : — 1st. The Exarnvmcution of 
Specvmens whilst fresh ; 2nd. The Hardening of Speci- 
mens ; 3rd. The Making of Sections; 4th. Staining; 
5th. Preservation and Mountvng. 

THE EXAMINATION OF SPECIMENS WHILST FBESH. 

Yery much may be learnt from the examination of 
specimens in their fresh state before they have been 
submitted to any hardening process. The examination 
may be conducted either by making thin sections of the 
tissue with a Valentin's knife, or by cutting off a minute 
portion and tearing it to pieces with fine needles. The 
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specimen prepared in either of these ways should be ex- 
amined in glycerine. Thin membranons stmctures may 
be examined by simply spreading them out in a drop of 
water placed npon the glass slide, and then covering them 
with glycerine. 

The method of making sections of organs whilst fresh 
with a Valentin's knife is an exceedingly easy and useful 
way of at once ascertaining in the post-mortem room the 
existence of the more marked structural changes. The 
knife should be well wetted with water, and then drawn 
rapidly through the substance of the organ. The section 
thus obtained is gently washed in water before being ex- 
amined in glycerine. A rough examination of the liver, 
kidneys, and lungs is in this way readily made. 

The muscular fibres of the heart and tumours may be 
examined by the process of teasing. This process, how- 
ever, is usually more readily effected after the specimen 
has been kept in MiiUer's fluid or in a solution of bichro- 
mate of potash in the manner to be hereafter described. 
In the examination of tumours, much may be learnt by 
gently scraping the freshly cut surface with a knife and 
examining in glycerine the elements which are thus sepa- 
rated. 

THE HAEDENING OF SPECIMENS. 

In order to make a complete and satisfactory examina- 
tion of diseased structures, it is in almost all cases neces- 
sary to submit them to a process of hardening. By this 
process they are so altered that fine sections of them can 
be made, and the sections are also rendered more fit for 
permanent preservation than are those obtained from 
tissues in their fresh state. Numerous substances have 
been employed as hardening agents. Those, however, 
which are the most f^enftT^Sl^ -^^JraaJjAa «»Te Muller*8 fluid, 
chromic add^ biclvromate of •potaaVv.^^xAoX.t^WiV., 
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Miiller's Flwid. — Of aU hardening agents this is much 
the most satisfactory and the one most generally appli- 
cable. It is prepared in the following way : — 

Take of--^ 

Potassium Bichromate 2 parts. 

Sodium Sulphate 1 part. 

Water 100 parts. 

Dissolve. 

The tissue should be kept in this solution for from one to 
two weeks, and then placed in common alcohol for two or 
three days, after which it is ready for making sections. 

The advantages of Miiller's fluid are that it alters the 
macroscopical characters of tissues less than other har- 
dening agents, and its penetrating powers are so great 
that it is not necessary to cut the tissue up into small 
pieces, but the whole organ may be placed in it. The 
tissue may be kept in it longer without injury than in 
other aqueous solutions. 

MtQler's fluid is also valuable for the maceration 
of tissues which are to be examined by teasing — as tu- 
mours, muscle, <&c. Its action tends to facilitate the 
isolation of the elements. 

Chromic Add. — This is much less generally applicable 
than the preceding. It should be used in aqueous solu- 
tion — strength one- sixth per cent. It is important to 
employ the solution in large quantities — ^from six to ten 
fluid ounces for each specimen. The tissue must be cut 
into small pieces — not much larger than a hazel-nut — 
before it is placed in the solution. The hardening is 
usually completed in from five to eight days. It is has- 
tened by renewing the solution. If kept too long in the 
solution the tissue becomes brittle. All tissues which 
have been hardened in chromic acid should be placed in 
common alcohol for about twenty-four hours before sec- 

D. d2 
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tions are made. Chromic acid is preferable for hardening 
skin and mncous membranes. 

Bichromate of Potash. — This agent is more gradual in 
its action than chromic acid, and produces less shrinking 
of the tissue. It is especially valuable for the hardening 
of kidney, blood-vessels, nerve-tissue, ovary, and some 
other structures. It is often advisable to commence the 
hardening with bichromate of potash and then to com- 
plete it in chromic acid or common alcohol. The bichro- 
mate is also valuable for the maceration of tissues which 
are to be examined by teasing. The bichromate should 
be used in aqueous solution — strength one to two per cent. 
It penetrates more readily than the chromic acid, and 
consequently it is not necessary to use quite such small 
pieces Of the tissue. The tissue must be kept in the 
solution from two to four weeks. 

Alcohol. — This is most valuable as an agent for the 
completion of the hardening of tissues which have been 
previously placed in MUller's fluid, chromic acid, or in 
bichromate of potash. The tissues should be kept in it 
one or two days. Some tissues, however, appear to harden 
better if they are at once placed in alcohol: amongst 
these are the lymphatic glands, spleen, and testis. Com- 
mon (methylic) alcohol answers for all these purposes. 
Lastly, alcohol must be employed for the hardening of 
all tissues which have been injected. Absolute alcohol is 
often necessary for the completion of hardening of many 
tissues. 

The Softening of Tissues, — Some tissues, as osseous 
structures, tumours which have become calcified, &c., 
require to be softened before sections can be made. This 
may be effected by placing them in the one-sixth per cent 
chromic acid solution, to each six ounces of which three 
or more drops of concentrated hydrochloric acid have 
been added. 
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THE MAKING OP SECTIONS. 

Althongli various instrmnents have been contrived for 
making sections, the one which answers best is a common 
razor, or a similar blade firmly fixed in a wooden handle. 
.The usefulness of this instrument is much increased if the 
lower surface of the blade be ground perfectly fiat, whilst 
the upper is made slightly concave. 

Hardened tissues from which sections are to be made 
must always have first been placed in common alcohol, in 
the manner already described. In making the section the 
blade of the instrument must be kept well wetted with 
common alcohol, and the section when cut must be placed 
at once in the same liquid. 

Imbedding, — ^Hardened tissues which are too small or 
too delicate to be held in the hand for the purpose of 
making sections, must be imbedded. The object of im- 
bedding is to fix the tissue in some substance which can 
not only be readily held, but which can also be easily cut 
with the section-knife. Various substances are used for 
this purpose. Of these the one which is most generally 
applicable is a mixture of wax and olive oil. Equal 
quantities of pure white wax and olive oil should be 
warmed together and well mixed, and the mass when cold 
may be kept to be used as required. When a specimen is 
to be imbedded, a small case of paper should be made 
somewhat larger than the specimen. The edges of the 
paper can be secured with a Httle mucilage or with a pin. 
The mixture of wax and oil is then melted and the paper 
case filled with it. The specimen to be imbedded— which 
must have been removed from common alcohol — is now to 
be slightly dried on blotting-paper and immersed in the 
melted compound. The process of immersion requires a 
little care. The specimen should be placed upon the 
point of a fine needle, and as soon aa the ^ox. <^Q\s\sQk&\^<^<^'^ 
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to solidify at the sides of the case, it must be dipped 
beneath tiie melted liqtdd so as to be completely covered 
by it. The needle must then be removed by giving it a 
gentle twist so as not to disturb the specimen. When 
the wax is cool the paper can be removed and the mass 
placed in common alcohoL Sections can be made from it 
when convenient. 

STAININGv 

When the section has been made and placed in common 
alcohol, in the manner described, it is usually advisable 
to stain it. The object of staining is to impart to the 
different portions of the tissue different shades of colonr, 
so that its structure can be more readily recognised. The 
substances which are the most generally applicable for 
this purpose are logwood and carmine. Of these logwood 
is the preferable, inasmuch as it not only differentiates 
most tissues more completely, but it is a much more 
agreeable colour to work with. 

Staining with Logwood, — The following is the method 
for preparing the logwood solution reconmiended by Dr. 
Klein: — 

Take of— 

Extract. HsBmatox 6 grammes. 

Alumen 18 grammes. 

Mix thoroughly in a mortar. 

Add gradually whilst stirrvng — 

Distilled Water 28 cub. cent. 

Filter. 
To thefiltrale add — 

Spirit. Beet 1 drachm. 

• 

The solution must be kept in a stoppered bottle for a few 
days before being used. 

For staining, seveTal (5 — 10^ drops are to be added to 
half a watch-glaaa oi ^\aS!L<fe^'waXfcx. 'Y^^^b K5kql% ^ji^coisj^ 
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solutioii sHoTild be filtered before being used. Sections 
whicH have been removed from common alcohol, are to 
be placed in tbe dilnte solution for from ten to tw&ity 
minntes, and tben to be washed in distilled water. 

Qradtud Stamdng with Weak Carmine, — In staining 
with carmine two methods may be employed : — the one 
consists in nsing a strong solution^ so as to stain rapidly ; 
the other in staining very gradually with a much less 
concentrated liquid. Of these, the method of gradual 
staining with weak solutions yields the most satisfactory 
results, inasmuch as by this means the differentiation of 
the tissue is rendered more complete than when the colo- 
ration is rapidly induced. The process of rapid staining 
with strong carmine is, however, the most convenient, 
and it yields, in most cases, sufficiently satisfactory 
results. 

The following is the method for gradual staining re- 
commended by Dr. Klein : — 

Take of— 

Powdered Carmine 2 grammes. 

Bub it up with a few drops of Distilled Water. 

Addr- 

Liquor AmmonisB fort. .... 4 cub. cent. 

Distilled Water 48 cub. cent. 

Mix together with a glass rod, and filter. 
The solution to be kept in a stoppered bottle. 

For staining, take one drop of the above solution, 
and add to it from nine to twelve drops of distilled water. 
Sections, which have been removed from common alcohol, 
to be placed in this from sixteen to twenty-four hours. 

Bfapid Staining with Strong Carmine, — To stain ra- 
pidly, the sections may be placed in the above strong 
solution of carmine without the addition of water. In 
this case the strong solution of carmine should have been 
kept exposed to the air for a sufficient length of time to 
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allow tlie excess of ammonia to escape. It is consequently 
advisable to have two bottles of strong carmine solution 
— one for rapid, and the other for gradual staining. 

The time required for rapid staining is from thirty 
seconds to five minutes. This, however, will vary very 
considerably according to the nature of the tissue to be 
stained. A knowledge of the amount of time which 
yields the best results wiU be readily learnt by a little 
practice. 

The sections when removed from the carmine staining 
solution must be washed for a few seconds in distilled 
water containing one-quarter per cent, of acetic acid. 

PRESERVATION AND MOUNTING. 

When the section has been stained, it is ready to be pre- 
pared for mounting permanently. The two substances in 
which tissues are most commonly mounted are glycerine 
and Dammar varnish. Of these, the latter should be em- 
ployed in all cases in which the preservation of the section 
is intended to be permanent. Many tissues, however, 
yield more satisfactory results when examined in gly- 
cerine ; but they cannot be preserved in this liquid for 
any great length of time without undergoing some 
alteration. 

The methods of mounting in Dammar varnish and 
glycerine must be described separately. 

Mowntmg in JDamma/r Varnish. — ^When the section is 
to be mounted in Dammar — it having been already 
stained and washed — it must first be placed in absolute 
alcohol for about a quarter of an hour. From the alcohol 
it must be transferred to oil of cloves, the superfluous 
alcohol having been first removed from the section by 
blotting-paper. In the oil of cloves it becomes, in a few 
seconds, quite traiispa.Teii\>. '^'^ ^^jL^-tfts^ssvia q\I must 
he removed by "blottang-'^^.'^t^ ^ja.^ ^^ ^^^^^^S&*^<s^ 
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ready for mounting in the Dammar vamisk. If more 
convenient, it may be kept for one or two days in the oil 
of cloves before it is mounted in the Dammar. In order to 
make the specimen still more secure, a layer of the 
varnish may be placed round the edge of the covering 
glass a few days after the section has been mounted. 

The following is the method for preparing the Dammar 
varnish : — 

Take of— 
Gum Dammar in powder J oz., and dissolve it in 

Turpentine 1^ oz. Filter. 
Gum Mastic i oz., and dissolve it in Chloroform 

2 oz. Filter, 

« 

Mix the two filtered solutions, and again filter. 

Mountmg in Glycerine. — When the section is to be 
mounted in glycerine no further preparation is necessary. 
It is simply washed in distilled water and at once trans- 
ferred to a drop of strong glycerine upon the slide. The 
edges of the covering glass must then be fastened down 
with some cementing liquid. The Dammar varnish an- 
swers exceedingly weU for this purpose. 
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AiwcTKsa^ 217 

„ in connective tissae, 269 
of bone, 273 
of brain, 330 
of kidneys, 317 
„ of liver, 310 
„ oflnngs,338 
„ of lymphatic glands, 293 
Acute miliary tabercolosis, 224 
Adenomata, 171 

„ of mammary gland, 172 

„ of macous membranes, 174 

Adeno-myxoma, 172 

„ -sarcoma, 173 
Adipose tissue, atrophy of, 24 
„ growth of, 38 

Alimentaiy canal, amyloid degeneration of, 83 
Amyloid degeneration, 69 

of alimentary canal, 83 
of kidneys, 78 
of liver, 75 

of lymphatic glands, 83 
of spleen, 81 
substance, nature of, 70 
„ reactions of, 71 
source of, 74 
Angiomata, 198 
Arteries, atheroma of, 279 
„ calcificatvoii oi, ^1 

fatty degftiveta^oia. o^, t>^ 
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Arteries, inflammation of, 279 

„ in chronic Bright's disease, 328 
Atheroma, 279 
Atrophy, 23 

„ causes of, 26 
numerical, 25 
physical characters of, 30 
simple, 23 
of adipose tissue, 24 
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Bacteria, 251 

Blood, as cause of disease, 2 

„ alteration of, in malignant growths, 113 

„ ante-mortem coagulation of — see " Thrombosis" 

„ post-mortem coagulation of, 375 
Blood-corpuscles, as source of new formations, 117 

as source of pus, 219 
emigration of, in inflammation, 209 
exudation of, in mechanical hyperaemia, 369 
Blood-vessels, amyloid degeneration of, 72 & 78 
calcification of, 91 
fatty degeneration of, 53 
inflammation of, 279 
Bone, atrophy of, 31 

„ caries of, 274 

„ inflammation of, 272 

„ necrosis of, 274 

„ sclerosis of, 273 
Brain, abscess of, 330 

„ embolism in, 394 

„ . fatty degeneration of, 56 

„ inflammation of, 329 

„ inflammatory softening of, 330 

„ softening of, from embolism, 394 

„ red softening of, 59, 394 

„ sclerosis of, 331 

„ tubercle of, 237 

„ white softening of, 58 

„ yellow softening of, 58 
Brown atrophy of heart, 63 

„ induration of lungs, 372 
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UDod-TOMb 1^ 179 
odhaf, ITT 

drakal ciuiacloi at, 193 
oonoid, 187 
dervloinieiit cX, 179 



c^tbefial, 188 
l;mpliatio of, 179 
meUitotic, 1S3 
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„ Mcatdaiy chasgei in, 182 

■traDaa{;iT8 
„ tt ract in g o^ 176 
wrielieB oH 18» 
Ouiea,374 

Carmine tor Etuning 40T 
Cutibge, ennoD of, 863 

„ inll»inni»tion of, 26S 

CMMdan, 5! 

„ of tabenle, 234 
Cueoas masaea, pathdc^cal ngDificaDce of, 52 
CaiciiioouU, 1T6 
CMsnfa,S99 

Cell, Ass«8lD('nDtritiaD,5 
„ definiuon of, 12 
„ limiting membrane oC, 9 
„ nncleiiB a(^ 8, 9 
„ pnitiqilum of, 7, 9 
CeDi, constilatiOD (^, 6 
„ genesis of, 10 
„ "indifferent,'' 118 
„ muitiplicatioD of, 10 
„ phjmalog; of, 8 
Cell-wsU, nature of, 9 
Cbrebrai softeuingB, 5fi 
CSMtricU] tiuoe, 268 
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Clots, ante-mortem, 376 

„ post-mortem, 375 
Cloudy swelling, 212 
Colloid cancer, 187 

„ degeneration, 65 
Condylomata, 169 
Congestion, see " Hyperaemia'* 
Connective tissue, fatty infiltration of, 38 
„ „ inflammation of, 266 

„ „ suppuration of, 269 

Cornea, inflammation of, 264 
Corporea amylacea, 84 
Corpuscles, exudation, 50 
Croup, 302 
Cystic-sarcoma, 174 
Cysts, 200 

„ classification of, 203 

„ modes of origin of, 200 

„ secondary changes in, 202 

„ structure of, 201 

Dammab Tarnish for mounting, 409 
Degeneration, 35 

amyloid, 69 

calcareous, 87 

causes of, 35 

colloid, 66 

fatty, 37 

mucoid, 65 

pigmentary, 93 
Diphtheria, 303 
Disease, definition of, 1 
Dysentery, 303 

Embolism, 387 

„ in brain, 394 

„ results of, 391 
Emigi*ation of white blood-corpuscles in inflammation, 209 
Emphysema, 32 
Encephaloid cancer, 185 
Encbondrom&t&f 152 
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Cachezu, cancerous, 111 
Calcareous degeneration, 87 

„ „ of arteries, 91 

Cancer, 176 

„ blood-Tessels of, 179 

„ cells of, 177 

„ clinical characters of, 193 

„ colloid, 187 

„ deTelopment of, 179 

„ encephaloid, 185 

„ epithelial, 188 

„ lymphatics of, 179 

„ melanotic, 183 

„ osteoid, 182 

„ scirrhous, 183 

„ secondary changes in, 182 

„ stroma of, 178 

„ structure of, 176 

„ Tarieties of, 182 
Caries, 274 

Carmine for staining, 407 
Cartilage, erosion of, 263 

„ inflammation of, 262 

Caseation, 52 

„ of tubercle, 234 
Caseous masses, pathological significance of, 52 
Carciuomata, 176 
Catarrh, 299 

Cell, as seat of nutrition, 5 
„ definition of, 12 
„ limiting membrane of, 9 
„ nucleus of, 8, 9 
„ protoplasm of, 7, 9 
Cells, constitution of, 6 
„ genesis of, 10 
„ "indifferent," 118 
„ multiplication of, 10 
„ physiology of, 8 
Cell-wall, nature oi, ^ 
Cerebral softenings, 5^ 
Cicatricial tiBsne, 26a 
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ClotB| ante-mortem, 376 
„ post-mortem, 375 
aoudy swelling, 212 
Colloid cancer, 187 

„ degeneration, 65 
Coudjlomata, 169 
Congestion, see "Hypersemia'* 
Connective tissue, fatty infiltration of, 38 
„ inflammation of, 266 
„ suppuration of, 269 
Cornea, inflammation of, 264 
Corporea amylacea, 84 
Corpuscles, exudation, 50 
Croup, 302 
Cystic-sarcoma, 174 
Cysts, 200 

„ classification of, 203 

„ modes of origin of, 200 

„ secondary changes in, 202 

„ structure of, 201 

Dammar Tamisli for mounting, 409 
Degeneration, 35 

„ amyloid, 69 

„ calcareous, 87 

„ causes of, 35 

„ colloid, 66 

fatty, 37 

„ mucoid, 65 

„ pigmentary, 93 

Diphtheria, 303 
Disease, definition of, 1 
Dysentery, 303 

Embolism, 387 

„ in brain, 394 

„ results of, 391 
Emigi-ation of white blood-corpuscles in inflammation, 209 
Emphysema, 32 
Encephaloid cancer, 185 
Enchondromata, 152 
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Endocarditis, 284 

„ acute, 285 

„ chronic, 287 

„ ulcerative, 286 

Epithelioma, 188 
Exostoses, 158 
Exudation corpuscles, 50 
Exudation in inflammation, cause of, 216 

„ of liquor sanguinis in inflammation, 210 
„ in mechanical hypersemia, 369 

Fat, absorption of, 51 

„ source of, in fatty degeneration, 49 

„ „ „ infiltration, 38 

Fatty degeneration, 37 
„ „ causes of, 38 

„ „ of arteries, 53 

„ „ of brain, 56 

„ „ of heart, 60 

„ „ of kidneys, 64 

„ ,, of muscle, 59 

„ infiltration, 42 

„ „ of connective tissue, 88 

„ „ of heart, 43 

„ „ of liver, 45 

„ „ of muscle, 42 

Fibroid induration, as result of inflammation, 322 

„ „ ,, of mechanical hypereemia, 368 

„ „ „ of heart, 289 

Fibromata, 143 
Fibroplastic tumour — see "Sarcomata spindle-celled" 

GANaRENE, 13 

„ causes of, 19 

,, dry, 14 

„ evidences of, 14 

„ moist, 14 

„ senile, 21 
Genesis of cells, 10 
Giant cells, 230 
GJioma, 138 
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Gluge, corpuscles of, 50 
Grey degeneration, 331 
Gummata, 257 

HiEMATOIDIN, 94 

Hsemorrhagic infarct, 392 
Heart, brown atrophy of, 63 

changes in pyrexia, 105 
fatty degeneration of, 60 

„ infiltration of, 43 
fibroid induration of, 289 
inflammation of, 284 
Heterology, 120 
Hodgkin's disease, 164 
Homology, 120 
Horns, 169 
Hyperaemia, 364 

active, 364 
mechanical, 367 
of liver, 370 
of lungs, 372 

post-mortem appearances of, 373 
Hyperplasia, 107 
Hypertrophy, 107 

Infarct, 392 
Infiltrations, 36 
Infiltration, fatty, 42 
Inflammation, 205 

„ acute, 221 

„ alterations in nutrition in, 211 
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as cause of gangrene, 20 

causes of blood-stasis in, 215 

changes in the blood-vessels and circulation 

in, 206 
chronic, 221 
emigration of red blood-corpuscles in, 210 

of white blood-corpuscles in, 209 
exudation of liquor sanguinis in, 210 
formation of pus in, 217 
idiopathic, m 
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Inflammation, infective, 223 
„ specific, 223 

„ stasis in, 208 

traumatic, 222 
varieties of, 220 
pf blood-vessels, 279, 383 
of bone, 272 

of brain and spinal cord, 329 
of cartilage, 262 

of common connective tissue, 266 
of cornea, 264 
of heart, 284 
of kidney, 316 
of liver, 310 
of lungs, 333 

of lymphatic structures, 292 
of mucous membranes, 299 
of serous membranes, 306 
of veins, 282 
Inflammatory new formations, nature of, 110 
fever, 248 
stasis, 208 
Interstitial hepatitis, 311 
nephritis, 324 
pneumonia, 343 
Intestine, tuberculosis of, 239 

„ typhoid ulceration of, 295 
Irritation, as cause of inflammation, 205 

new formations, 115 
tuberculous lesions, 224 
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Kidney, abscess of, 317 

„ amyloid degeneration of, 78 

„ fatty degeneration of, 64 

„ inflammation of, 316 

„ interstitial nephritis, 324 

„ leuksemic growth in, 400 

„ surgical, 317 

„ suppurative neTpYmWa, ^Vl 

„ tubal nepliTitis, ^A.^ 
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Lardaceous degeneration— «ee "Amyloid Degeneration'* 
Leukaemia, 397 

Leukfiemic growths in kidney, 400 
„ „ in liver, 400 

„ „ in lymphatic glands, 399 

„ „ in spleen, 398 

Lipomata, 150 
Liver, abscess of, 310 

„ acute inflammation of, 310 
„ acute yellow atrophy of, 314 
„ amyloid degeneration of, 75 
„ changes in pyrexia, 104 
cirrhosis of, 311 
fatty infiltration of, 45 
leuksemic growth in, 400 
nutmeg, 370 
„ syphilitic growths in, 261 
Logwood for staining, 406 
Lungs, abscess of, 338 

„ broncho-pneumonia, 339 

„ brown induration of, 372 

„ catarrhal pneumonia, 339 

,, cirrhosis of — see " Interstitial Pneumonia" 

„ croupous pneumonia, 333 

„ emphysema of, 32 

„ gangrene of, 338 

,, inflammation of, 333 

interstitial pneumonia, 343 
pigmentation of, 98 
„ phthisis, 349 
„ tuberculosis of, 241 
Lymphadenoma — see " Hodgkin*8 disease" 
Lymphatic glands, amyloid degeneration of, 83 
„ inflammation of, acute, 292 

chronic, 293 
leukaemic growths in, 399 
„ non-inflammatory enlargement oi^see 

" Lymphoma" 
„ tuberculosis of, 238 
structures, inflammation of, in t^'phoid fever, 295 
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Lymphomata, 160 
Lympho-sarcoma, 163 

Malignancy, 123 

cachexia as evidence of, 111 
different degrees of, 123 
multiplicity as evidence of, 112 
recurrence after removal as evidence of, 112 
secondary growths as evidence of, 113 
Mammary gland, adenoma of, 172 

„ adeno-fibroma of, 173 
„ adeno-sarcoma.of, 173 
„ cystic-sarcoma of, 174 
„ scirrhus of, 183 
Melanaemia, 97 
Melanin, 96 
Melanotic cancer, 183 

„ sarcoma, 133 
Melanosis — see " Melanotic Sarcoma" 
Meningitis, tubercular, 235 
Metamorphoses, 35 
Mollities ossium, 276 
Mortification, 13 
Mounting of specimens, 401 
Mucoid degeneration, 65 
Mucous membranes, adenomata of, 174 

„ „ catarrhal inflammation of, 299 

„ „ croupous inflammation of, 302 

„ „ ■ tuberculosis of, 239 

Miiller's fluid, 403 
Mummification, 14 
Muscle, fatty degeneration of, 59 

„ fatty infiltration of, 42 
Myeloid tumoiu*, 139 
Myelitis, 330 
Myocarditis, 287 
Myomata, 196 
Myoma of uterus, 197 
Mjxom&t&f 147 

JVJECBOBIOSIS, 25 
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Necrosis, 13, 274 
New formations, 109 

classification of, 126 

constitutional, predisposing causes of, 111 
development of, 116 
direct exciting causes of, 115 
etiology of, 110 

origin of, from emigrant cells, 117 
relation of, to the surrounding tissues, 121 
retrogressive changes in, 122 
Nervous system, as cause of atrophy, 29 

„ „ „ disease, 3 

Neuromata, 197 
Nucleoli, 8 
Nucleus, 8 

„ function of, 9 
Nutrition, arrested, 13 
„ definition of, 2 
„ impaired, 23 
„ increased, 107 

Osteomalacia, 276 
Osteomata, 157 
Osteo- chondroma, 154 
Osteoid sarcoma, 135 
Osteophytes, 158 

Papillomata, 167 
Periostitis, 273 

Pia mater, tuberculosis of, 235 
Phlegmasia dolens, 385 
Phthisis, pulmonary, 349 

anatomical changes in lungs in, 351 

"colliers'," 101 

etiology of, 360 

fibroid, 356 

older doctrines respecting, 349 

pathology of, 357 
„ „ tubercle in, 350 

Pigmentaiy degeneration, 93 
Pigmentation, false, 97 
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Pigmentation of langs, 98 
„ of sputum, 101 

Pigment, Bource of, 93 

Pneumonia, catarrhal, 339 
croupous, 333 
interstitiiJ, 343 

Post-mortem staining, 15 

Protoplasm, 7, 9 

„ ' coagulation «( after death, 17 

Psanunoma, 140 

Pus, characters cfT, 218 ' 
„ WTgin 0^ 218 

Pulmonaiy phthfsis, 349 

Pyaemia, 248 

„ bacteria in inflammatory products of, 251 
„ nature of infective uubstances in, 251 
„ nature of lesions in, 249 
„ pathology of metastatic abscesses in, 254 
„ i-elation o^ to septicsBmia, 250 

Pyrexia, tissue-changes in, 103 

Rickets, 276 
Rigor mortis, 15 

„ „ nature of change in muscle in, 17 

" Sago spleen," 81 
Sarcomata, 128 

cystic, 174 
melanotic, 133 
„ myeloid, 139 
osteoid, 135 
round-celled, 137 
„ spindle-celled, 132 
Scirrhous cancer, 183 
Sclerosis of bone, 273 
„ nerve, 331 

Senile gangrene, 21 
Septicaemia, 248 

relation to pyaemia, 250 
Serous effusion, as TeanU oi m^aassai^Wwi^'lXft 
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Serous membranes, inflammation of, 306 
Slough, separation of, 18 
Specimens, examination of, whilst fresh, 401 
hardening of, 402 
imbedding of, 405 
making sections of, 405 
mounting of, 408 
preparation and mounting of, 401 
softening of, 404 
staining of, 406 
Spinal cord, inflammation of, 329 

„ sclerosis of, 331 

Spleen, amyloid degeneration of, 81 
„ leukeemic growths in, 398 
„ in typhoid fever, 295 
Staining of sections, 406 
Suppuration, 217 
Syphilis, 256 

,, fibroid changes in, 256 

„ gummata in, 257 

„ nature of lesions in, 256 

Thrombosis, 374 

„ causes of, 380 

„ • results of, 383 
Thrombus, 376 

„ organization of, 377 

,, softening of, 379 

Traumatic fever, 248 
Tumours — see " New Formations" 

„ definition of, 109 

Tubercle, 224 

„ in pulmonary phthisis, 350 
,, older doctrines respecting, 224, 350 
Tuberculosis, acute, 224 

artificial production of, 226 
giant ceUs in, 230 
infective nature of, 225 
limited to single organs, 235 
nature of lesions in, 229 
source of infection in, 227 
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Tuberculosis of lyihphatic glands, 238 

„ of lungs, 241 

„ of mucous membranes, 239 

„ of pia mater, 235 

Tubercular meningitis, 235 
Typhoid fever, 294 

UiiCERATiON, tubercular, of intestine, 239 

„ typhoid of intestine, 295 

Uterus, myoma of, 197 

Vacuolation, 11 

Veins, inflammation of, 282 

Warts, 169 



THE END. 



